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CHAPTER I 
INTRODUCTION 
In the last decade several studies have been devot­
ed to the chemistry of electron-rich olefins. This class 
of compounds embraces all such olefins in which the ir-elec-
tron density is increased by the presence of one or more 
electron-releasing substituents (OR, - NR~) at the olefinic 
1 2 
centres. Examples are the enamines and tetraaminoethenes , 
• 5 4 5 
the enolethers , keteneacetals and tetraalkoxyethenes . 
The high electron-density, which is indicated, e.g. in the 
case of tetramethoxyethene, by the canonical forms (1), 
(2) etc, provides this type of compounds with strongly nuc-
leophilic properties. 
Θ © 
MeO OMe MeO. OMe MeO ЛЭМе 
C = C ^ < *· ^C С < » У* с/ « > etc 
MeO OMe MeO ° OMe MeO Θ OMe 
( 1 ) ( 2 ) 
In the case of the symmetrically substituted tetrakis Tdi-
methylaminoj ethene the nucleophilic character is so extreme 
that its behaviour towards the electron-poor olefine, 
tetracyanoethene is similar to that of a redox system; mixing 
2 5 
of the compounds yields a 1:2 adduct , to which the ionic 
structure(3)has to be attributed. The same type of products 
was found in our department in reactions between tetrakis 
I sec. aminoJ ethenes and 1,1-dicyanoethenes . 
2 
N C 
NC 
>4 
M i 
(3 ) M 
< C N N C N 
J4Me. 
c£'e 
N N M · , tf& CN 
c - ^ - c ' 
C N 
More generally the nucleophilic 
character of electron-rich olefins 
is apparent from their facile 
addition reactions wjth alcohols 
4 к 7 
and other weak acids.' * 
Another interesting and related property concerns the cyclo­
addition to other тг-systems. Fundamentally for compounds 
having electron-deficient double bonds, L2 + 2 J cycloadditions 
β Ρ 
are possible, not only photochemically ' as is usual for 
[2 + 2J cycloadditions, but also under thermal conditions. 
An extensive study of such cycloadditions has been made 
10-12 
on reactions between enolethers and tetracyanoethylene 
10 11 1ϋ 
The strong solvent effects , the large activation volumes ' 
13 14 
and entropies and the substituent influences on the 
rate of these reactions point to a two-step mechanism via 
a dipolar intermediate (4). The intermediate can be trapped, 
both during the cycloaddition and by dissolution of the 
cyclization product in nitriles, Schiff bases, aldehydes 
or ketones, and alcohols ' . The products (5), (6), (7) 
and (8), respectively, are then obtained. 
Apparently both steps in the cycloaddition are reversible. 
[ Л н N C ^ l Г"4!*2 
¿Ν R1 
C N 
„ J X 1 ?СгН 
Ç ç— Ç— Ç-OH 
N CN 
(5) (6) (7) ( θ ) 
3 
Cycloadditions with enolethers, which occur as cis-
trans isomers,show a strong stereospeciflcity at least in 
10 solvents of low polarity . This has been ascribed to strong 
electrostatic interactions between the end-groups in the 
intermediate, which is held in the U-shaped conformation, 
15 thus eliminating internal rotations . 
There are several other observations which further 
support the supposition that cycloadditions of electron-
rich olefins generally proceed via a zwitterionic interme-
17 18 diate ' (Scheme 1). Apart from the trapped products 
(9,10,11) mentioned15,16 earlier, 1:2 adducts (12) and 
1 Q ?0 
(13) have been isolated ' occasionally. Enamines con-
taining a hydrogen atom at Cp always yield open-chain ad-
ducts (14) (Stork products) which may be due to a H-shift 
19 in the intermediate . 
(9) (10) (11) (12) 
Scheme 1 
(A = electron-attracting substituent 
D = electron-donating substituent). 
(13) (14) 
The reactivity of tetraalkoxyethenes has been stud­
ied only with tetramethoxyethene. As expected it also re­
acts with many electrophiles including electron-deficient 
с ρ·ι pp 
olefins ' ' . Its cycloaddition products are interesting 
compounds by virtue of two potential carbonyl functions 
in a four-membered ring (15)· 
Unfortunately, the procedures 
described for the preparation 
2'3-2'5 
of tetramethoxyethene 
are not very applicable to 
RO—| \—OR large scale production and 
OR OR cannot be adapted for the 
synthesis of other tetraal­
koxyethenes. However this 
(15) limitation has been eliminated 
by the development of an easy 
and more general procedure for the preparation of tetraal-
koxyethenes in our department (Scheme 2). 
O R
 RO OR 
\ / , _.© 
OR 
Scheme 2 
2 H—C—0-<Q>-CI +2NaH > / C = C \ + 2 N a O-^-CI + 2H,, 
¿R no' 
The easy accessibility of tetraalkoxyethenes allowed us 
to make an extensive investigation into cycloadditions of 
tetraalkoxyethenes and to study the synthetic possibilities 
of the cycloaddition products, thus obtained. 
I2+2J Cycloadditions with simple electron-deficient olefins 
are described in Chapter II. The scope and limitations of 
the reaction were studied in dependence of the substitution 
pattern of the electrophilic reaction partner. It appears 
that smooth cycloadditions require the presence of at least 
one cyano group and another electron-accepting substituent A; 
5 
the products have the general structure (16). However, o<-
acyl- ot-cyanoethenes (A= COR) yield |_4+2j cycloaddition 
products (17). The chemistry of the products (16) is discus-
sed in the subsequent chapters. The elimination of hydrogen 
RO-
CN 
-A 
-OR 
OR OR 
(16) (17) 
A = CN, S02R, COOR, C0NH2 
cyanide and ring-opening of the resulting cyclobutene deri-
vative are described in Chapter III. The hydrolysis of the 
acetal functions in the tetraalkoxycyanocyclobutenes and 
reactions of the resulting cyclobutenediones with o-phenyl-
enediamine are given in Chapter IV. Chapter V contains the 
hydrolysis of 1,1,2,2-tetraalkoxy-3-cyanocyclobutanes (16) 
into open-chain acetáis of u-ketoesters. Hydrolysis of the 
acetal function in these products would provide «-ketoes-
ters which may be of value in the preparation of o(-amino-
acids. Chapter VI consists of the hydrolysis of the ester 
function in (16:A = COOR) and decarboxylation of the 
resulting product. 
The chemistry of the six-membered ring compounds (17) is 
discussed in Chapter VII. Several classes of products could 
be obtained, depending upon the reaction conditions, among 
which ы-pyrones.may be of further synthetic value. 
Chapter VIII describes the cycloadditions between 
tetraalkoxyethenes and more extended, electron-poor "IT systems 
viz. 1-cyanobutadienes. The possibilities of both [_2 + 2 J 
and [4 + 2j cycloaddition are discussed. It was found 
6 
that only vinylcyclobutanes, products of a \Z + z\ cyclo-
addition, could be isolated. In Chapter IX electron-
deficient carbonylcompounds, viz. oi-ketonitriles, have been 
investigated for their reactivity towards tetraalkoxy-
ethenes. It was apparent that oxetanes, previously obtained 
by photochemical |_2 + 2j cycloadditions (Buchi-Paterno re-
action) can be prepared under thermal conditions from these 
compounds. For comparison the same reaction with other elec-
tron-rich olefins is discussed. 
In the final chapter X the occurrence of a zwitteri-
onic intermediate is discussed in connection with trapping 
experiments and the thermal stability of the resulting 
cyclobutanes in the presence of protic solvents. In this 
respect a kinetic study has been devoted to cycloadditions 
of tetraalkoxyethenes and several 1,1-dicyanoethenes; the 
reactivity of tetraalkoxyethenes is compared with that of 
known keteneacetals. 
The contents of all chapters, except of Chapter X, have 
already been published or submitted for publication in eight 
papers , which have been collected in this thesis. 
7 
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CHAPTER II 
SYNTHESIS OF 1,1,2,2-TETRAALKOXY-3-CYANOCYCLOBUTANES AND 5,5, 
6,6-TETRAALKOXY-3-CYANO-4-PHENYL-5,6-DIHYDRO-4H-PYRANES* 
1 
In a previous paper we described a simple and general 
procedure for the synthesis of tetraalkoxyethenes (1). Among 
2 
the electron-rich olefins these compounds seem to be particu­
larly apt for the preparation of cyclobutane derivatives (3) 
by reaction with an electron-poor olefin (2) as exemplified 
in Scheme 1 
(ROC =C(OR1) + R V C = CXY 
2 2 RO-
R3 X 
-OR' 
OR OR 
(1) (2) (3) 
X and Y are electron-withdrawing groups 
Scheme 1 
The likewise symmetrically substituted and strongly nucleo-
philic tetrakisdimethylamlnoethene yields charge-transfer com-
2 Ъ plexes , often in the ratio 1:2, on reaction with electro-
philic olefins, e.g. [(Me^^CdJMe^J [(NC)2C=C(CN)2]2, and 
similar results have been obtained with tetrapiperidino- and 
tetrapyrrolidinoethene . 
10 
The formation of cyclobutanes from the unsymmetrically 
,5 ,D3D4„ substituted, electron-rich keteneacetals'' (RR C=C(0R)2 or 
enamines (R^R C=CR5NR~) seems possible only if neither R 3 
4 7 / \ 
nor R are hydrogen atoms , or if (2) is only weakly electro-
8 11 philic ~ . With enamines containing a (i-hydrogen atom the 
cyclobutane derivative is often unstable and rearranges ra-
pidly into the so-called Stork-product (5) , probably via a 
zwitterionic intermediate (4) (Scheme 2). 
W N-
+ 
\ I I © 
-» .N — C — C — C — C — C O O C H 
^ ι ι ι ι 
С Н
з 
/ X C O O C H , 
(4) 
Scheme 2 
• C O O C H 
' 3 
• ι I 
N - C = C - C - C - C O O C H , 
' ' ' Η 
(5) 
Tetramethoxyethene, however, could be converted into cyclo-
butane derivatives * with tetracyanoethene (2 : R =RJ=X=Y= 
CN), with 1,1-dicyano-2,2-dimethylethylene (2 : R2=R3=CH,, 
X=Y=CN), and also with cis- and trans-1,2-dicyanoethylene 
(2 : R2 =Y=H, R3=X=CN, respectively R2=X=H, R3=Y=CN). We have 
now inv&stigated the scope of this reaction by further variati­
ons of the substituents in the electrophilic component. 
Preliminary experiments revealed that the reactivity of 
ethylenes containing only one electron-withdrawing substitu­
ent (NO-, CN, CHO, COOR) towards (1) is too low for practical 
use. With a series of β-cyanostyrene*derivatives (2 : R =H, 
•χ * 
R =CgH5, X=CN) having a variable, second ρ-substituent (Y=CN, 
SO-CgH,-, COOC-H,-, C0NH-) cyclobutane derivatives were obtained 
11 
in high yields from tetramethoxy- as well as tetraethoxyethene; 
the reaction times and temperatures necessary for maximum 
yields (Table 1) indicated that the reactivity of the electron-
poor olefins decreases in the order shown. 
ß-Cyanostyrene derivatives having an acyl residue (HCO, 
RCO, CgHj-CO) in the β-position gave cycloadditions leading to 
six-membered ring compunds, viz. 5,5,6,6-tetra-alkoxy-3,3-cya-
no-4-phenyl-5,6-dihydro-4H-pyranes (Table 3). When the permanent 
cyano group in these compounds was replaced by a less favourable 
electron-withdrawing group (2 : R2=H; R3=C6H5; X, Y=S02CgH5, 
COCgHc or COCgHc, COCgH5 or СООС^Нс.СООСоНс) no reaction was 
observed on heating with a tetraalkoxyethene at 100 for 2k 
hours. 
2 ^ The influence of the nature of R and RJ in (2) on the 
reactivity towards tetraalkoxyethenes was studied with a se­
ries of 1,1-dicyanoethenes (2 : X=Y=CN; R2=H; R 3 variable). 
The results (Table 2) suggest that cyclobutane formation is re­
tarded as R becomes more bulky or more electron-donating; 1,1-
dicyanoethenes having two ô-substituents (R = R = СЛЦ or OCH,) 
or one very strongly electron-donating substituent (R =H; K=NMe_ 
or p-NMe- - CgH, ) gave no reaction at all; 2-methoxy- and 2-
ethoxy- 1,1 -dicyanoethene (R =H; Fr=0R) gave as yet unidentified 
products but no cyclobutane derivatives. The lack of reactivi­
ty of compounds with strongly electron-donating ft-substituents 
1 3 
may be due to their high resonance stabilisation y as formula­
ted in Scheme 3. 
C = C <-> C-C <r-> C-C.
 Λ
 etc. Scheme 3 
'
 4 C N ' 4 C N ' \ № 
12 
The cyclobutanes synthesized (Tables 1 and 2) have interest-
ing properties which may be used for synthetic purposes. In 
general, acid hydrolysis does not attack the acetal fund ions 
but causes opening of the ring, ultimately leading to acjclic 
acetáis of «-keto esters. Potassium tert. butoxide convei ts 
dicyanocyclobutanes (Table 2) into corresponding cyanocyclo-
14 butènes by elimination of hydrogen cyanide 
EXPERIMENTAL 
Syntheses of the electron-poor olefins used (2) ; 
Compoundswhich were not commercially available were 
prepared by Knoevenagel condensations from the appropriate 
1 ς 
aldehyde and methylene compound . References to the syn­
theses of compounds described in the literature are given in 
the tables. 
1.1.2.2-TetraalkoxY-3-cvanocyclobutanes (3) from tetra-
alkoxvethenes and ft-cyanostyrenes (Table 1) 
In general 0.01 mol of a ß-eyanostyrene was heated with 0.02 
mol of a tetraalkoxyethene without addition of a solvent at 
the temperature and for the time indicated in Table 1. After 
completion of the reaction the excess of tetraalkoxyethene 
was evaporated off and the residual oil was crystallised from 
dilute or pure methanol (ethanol for tetraethoxy compounds). 
The cyclobutanes with X/Y=CN/S02CgH,- were prepared using ace-
tonitrile as the solvent. 
13 
1 .1.2.2-Tetraalkoxy-3.3-dlcvanocYclobutanes (3) from tetraal-
koxyethenes and 1.1-dicyanoethenes (Table 2) 
0.011 mol of a tetraalkoxyethene was added to a solution of 
0.01 mol of a dicyanoethene in 5 ml of dry acetonitrile at 
room temperature. Mixtures reacting at 25 С (see Table) were 
cooled to maintain this temperature. Others were heated at 
the temperature and for the time indicated in Table 2. 
After completion of the reaction the solvent and the excess 
of tetraalkoxyethene were evaporated off in vacuo. The res­
idue (usually an oil) was crystallized from methanol (ethanol 
for tetraethoxycyclobutanes); on cooling the cyclobutane sepa­
rated in large crystals. 
5.5.6.6-Tetraalkoxv-3-cvano-5.6-dihvdro-4H-pyranes (4) from 
tetraalkoxyethenes and ^-acyl-p-cyanostyrenes (Table 3) 
A mixture of 0.01 mol of a ft-acyl-P-cyanostyrene and 0.02 mol 
of a tetraalkoxyethene was heated at 100 С for the time indi­
cated in Table 3· After completion of the reaction the excess 
of tetraalkoxyethene was evaporated off and the residual oil 
crystallized from methanol (ethanol for tetra-ethoxy compounds). 
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TABLE 1 TETRAALKOXYCYCLOBUTANES (3) FROM TETRAALKOXYETHENES (R10)2C=C(0R
1)2 AND Ρ-SUBSTITUTED 
P-CYANOSTYRENES15·?8 C6H5CH=C(Y)(CN) 
R1 
CH, 
сн, 
сн. 
С2 Н5 
С2 Н5 
Y 
so2c6H5* 
соос2н5 
C0NH2 
so2c6H5* 
СООС-Нс 2 5 
reaction condi­
tions temp./time 
70°C/ 3 hrs 
100°C/ 6 hrs 
100°C/10 hrs 
70°C/ 3 hrs 
100°C/ 6 hrs 
yield 
90% 
95% 
63% 
85% 
80% 
m.p. 
178° 
135° 
189° 
128° 
88° 
mass-spectrum 
402 (M-CH,) 
386 (M-OCH,) 
349 (M) 
334 (M-CH3) 
318 (M-OCH,) 
304 (M-OC2H5) 
320 (M) 
305 (M-CH,) 
289 (M-OCH,) 
444 (M-C2H5) 
42Θ (M-OC2H5) 
405 (M) 
376 (M-C2H5) 
360 (м-ос2н5) 
elemental analyses 
C21 H23 N 06 S c a l c · c 60.42 H 5.55 N 3.36 
(417.48) found 60.7 5.6 3.4 
C18H23N06 c a l c · c 61.88 H 6.64 N 4.01 
(349.38) found 61.7 6.6 4.0 
C16H20N2°5 c a l c · c 59.99 H 6.29 N 8.74 
(320.35) found 60.1 6.3 8.7 
C25 H31 N 06 S c a l c · c 63.40 H 6.60 N 2.96 
(473.59) found 63.6 6.5 3.0 
C22H31N06 c a l c · c 65.17 H 7.71 N 3.45 
(405.49) found 65.1 7.8 3.5 
• These compounds were not recrystallized; after evaporation of the tetraalkoxyethene, 
the residue was merely washed with the appropriate alcohol. 
TABLE 2 TETRAALKOXYCYCLOBUTANES (3) FROM TETRAALKOXYETHENES (R10)2C=C(0R
1)2 AND DICYANOETHENES
1 
R5CH=C(CN)2 
R1 
CH, 
CH, 
CH, 3 
CH, 
сн3 
CH, 3 
сн3 
R3 
CH,— 
(сн3)2сн-
02N-<D-
o-
сн3о - @ -
Ç-
0-
reaction condi-
tions temp./time 
25°C/ 1 hr 
70°C/24 hrs 
70°C/ 1 hr 
70°C/ 2 hrs 
70°C/ 3 hrs 
70°C/ 1 hr 
70°C/ 1 hr 
yield 
89% 
59% 
91% 
97% 
96% 
84% 
91% 
m.p. 
70° 
95° 
165° 
138° 
127° 
113° 
121° 
mass-spectrum 
225 (M-CH3) 
209 (M-0CH3) 
253 (M-CH3) 
237 (M-OCH3) 
332 (м-сн3) 
216 (M-OCH3) 
287 (M-CH3) 
271 (M-OCH3) 
332 (M) 
317 (м-сн3) 
301 (м-осн3) 
277 (M-CH3) 
261 (M-0CH3) 
308 (M) 
293 (M-CH3) 
277 (M-OCH3) 
elemental analyses 
C11H16N2°4 c a l c · c 54.99 H 6.71 N 11.66 
(240.26) found 55.1 6.8 11.7 
C13H20N2°4 c a l c* C 58.19 Η 7.51 Ν 10.44 
(268.31) found 57.9 7.5 10.4 
C16H17N3°6 c a l c · C 55.33 Η 4.93 N 12.10 ¡ 
(347.33) found 55.0 4.9 11.9 
C16H18N2°4 c a l c' C 63·56 Η 6.00 Ν 9.27 
(301.33) found 63.7 6.0 9.2 
C 1 7H 2 0N 20 4 calc. С 61.44 Η 6.07 Ν 8.43 
(332.36) found 61.4 6.1 8.4 
C14H16N2°5 c a l c* C 5 7 , 5 3 H 5 ' 5 2 N 9 · 5 8 
(292.29) found 57.3 5.5 9.6 
C14H16N2°4S c a l c* C 54.53 Η 5.23 N 9.08 
(308.36) found 54.7 5.3 9.1 
TABLE 2 CONTINUED 
C2 H5 
С2 Н5 
С2 Н5 
с 2н 5 
сн 3~ 
(сн3)2сн-
о-
Q-
25°С/ 1 hr 
70°С/24 hrs 
70°С/ 2 hrs 
70°С/ 1 hr 
90% 
52% 
92% 
95% 
40° 
79° 
120° 
85° 
267 (М-С2Н5) 
251 (М-0С2Н5) 
295 (М-С2Н5) 
279 (М-0С2Н5) 
358 (М) 
329 (М-С2Н5) 
313 (м-ос2н5) 
319 (м-с2н5) 
зоз (м-ос2н5) 
C15H24N2°4 с а 1 с # С 6 0· 79 н 8.16 N 9.45 
(296.37) found 60.9 8.3 9.4 
C17H28N2°4 с а 1 с · С 62·94 Η 8.70 Ν 8.64 
(324.42) found 63.0 8.8 8.9 
C20H26N2°4 c a l c ' C 6 7 · 0 2 H 7 · 3 1 N 7 · 8 2 
(358.44) found 67.2 7.3 7.7 
C18H24N2°5 c a l c · c 62.05 Η 6.94 N 8.04 
(348.40) found 62.3 6.9 8.0 
TABLE 3 TETRAALKOXYDIHYDROPYRANES FROM TETRAALKOXYETHYLENE (R10)2C=C(0R1)2 AND Ç-ACYL-Ç-CYAN0STYRENES19·20 
CAH_CH=C(CO-R2)(CN) 
R1 
сн 3 
CH, 
с 2н 5 
с 2н 5 
R 2 
H-
<D-
H-
o-
reaction condi­
tions temp./time 
100°C/30 min 
100°C/60 min 
100°C/30 min 
100°C/60 min 
yield 
91% 
85% 
80# 
82% 
m.p. 
129° 
123° 
92° 
71° 
mass-spectrum 
305 (M) 
290 (M-CH,) 
274 (M-OCH,) 
381 (M) 
366 (M-CH,) 
350 (M-OCH,) 
361 (M) 
332 (м-с2н5) 
316 (M-OC 2H 3) 
437 (M) 
408 (M-C2H5) 
392 (M-0C2H5) 
IR (KBr) 
(спГ1) 
2215 C=N 
1638 C=C-0-
2210 C=N 
1625 C=C-0-
2218 C=N 
1640 C=C-0-
2200 CSN 
1615 c=c-o-
elemental analyses 
C l 6H l gN0 5 cale. С 62.94 H 6.27 Ν 4.59 
(305.33) found 63.2 6.4 4.5 
C22H23N05 c a l c · c 69.28 Η 6.08 N 3.67 
(381.43) found 69.5 6.3 3.7 
C20H27N05 c a l c · c 66.46 Η 7.53 N 3.88 
(361.44) found 66.5 7.4 3.9 
C26H31N05 c a l c · C 71.37 Η 7.14 N 3.20 
(437.54) found 71.8 7.4 3.2 
CD 
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CHAPTER III 
SYNTHESIS OF 3,3,4,4-TETRAALK0XY-1- CYANOCYCLOBUTENES AND 
1,1,4,4,-TETRAALK0XY-2-CYAN0BUTADIENES* 
Single step preparation of cyclobutenes has been des­
cribed only via cycloaddition of diethyl acetylenedicarboxy-
1 
late and tetramethoxyethene . We found that many 1,1,2,2-te-
traalkoxy-3f3-dicyanocyclobutanes (1) are useful starting 
compounds for the preparation of 3,3,4,4-tetraalkoxy-1-cyano-
cyclobutenes having various aryl substituents at C~(2 : R = 
aryl). These products are of synthetic importance in several 
respects; preliminary investigations revealed that they can 
be hydrolysed with acid, giving cyclobutene -1,2-diones for 
which interesting applications have already been suggested . 
By thermal isomerisation of 3,3,4,4-tetraalkoxy-1-cyanocyclo-
butenes we obtained several substituted 1,1,4,4-tetraalkoxy-
butadienes(3), a class of compounds which became accessible 
only very recently by the preparation of unsubstltuted 1,1,4,4-
tetraalkoxybutadienes . 
R10 
CN 
C N 
base 
OR 1 HO 
. C N 
ΔΤ 
OR 
OR OR OR OR 
1 P 1 
R O "f
 y O R 
, .c=c-c=c 
¿ Ν Ο"' 
(1) ( 2 ) (3) 
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Treatment of (1) with a base in a protic solvent (dilute 
alcoholic sodium hydroxide solution) led to the evolution 
of about two equivalents of ammonia, pointing to hydrolysis 
of both cyano groups. The reaction mixture contained several 
products which could not be identified. Stirring of (1) with 
a base in an aprotic solvent (sodium methoxide in 1,2-dineth 
-oxyethane), however, delivered (2) in good yield. Best results 
were obtained with potassium tert. butoxide (Table 1). With 
most compounds the elimination of hydrogen cyanide proceeded 
ρ 
smoothly at room temperature; in certain cases (R =p-tolyl 
or p-anisyl) the mixture was heated under reflux for some 
time. 
ρ 
The compounds (1) with R = CH, - or (CH,)pCH- gave no cyclo-
butenes under these circumstances. The reaction mixture from 
these compounds contained several products which were not 
further investigated. 
The elimination reaction was also investigated with cyclo 
-butanes having only one cyano substituent and another elec­
tron-withdrawing substituent (SOpCgHc, COOCpHe or C0NH-) at 
the same carbon atom. The sulphonyl derivatives gave the same 
product as the corresponding dicyano compounds (1) by elimi­
nation of CgHj-SOpH; ethoxycarbonyl and carbamide derivatives 
gave complex reaction mixtures. 
The thermal isomerisation of the cyclobutenes (2) into 
1»1,4,4-tetraalkoxy-2-cyanobutadienes (3) was achieved by heat­
ing at 150 in a nitrogen atmosphere for 1 hour. At higher 
temperatures the products (3) underwent similar radical decom­
positions as have been found with keteneacetals5 and tetraal-
koxyethenes , giving rise to products such as (CH,0)pC=C-CCH,-
COOCH,. For this reason the tetraalkoxybutadienes, obtained 
as oils (Table 2), could not be purified by distillation. Be­
cause crystallisation also failed an approximate purity based 
on NMR spectra is given in the table. 
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EXPERIMENTAL 
3.3.4.4-Tetraalkoxv-1-cvanocvclobutenes (2) (Table 1) 
0.04 Mol of potassium t.butoxide was added to a solution of 
0.02 mol of (1) in 25 ml of dry 1,2-dimethoxyethane, and the 
mixture was stirred for 1 hour at room temperature or under 
reflux (R =p-tolyl and p-anisyl). After completion of the 
reaction the solvent was evaporated off in vacuo at room tem­
perature . 
The mixture was dissolved in water and extracted three 
times with ether. The combined ethereal extracts were washed 
three times with water and dried over anhydrous sodium sul­
phate . 
After filtration and evaporation of the solvent an oil remain 
-ed which gradually solidified on standing. Crystallization 
from dilute methanol (dilute ethanol for tetraethoxycyclobu-
tenes) yielded the pure cyclobutenes. 
In agreement with the proposed structure all mass-spec­
tra showed M®, (M-R)e and (M-OR)® peaks. Yields and physical 
properties are given in Table 1. 
1.1.4.4-Tetraalkoxv-2-cyanobutadienes (3) (Table 2) 
1 Mol of a cyclobutene (2) was heated at 150 С for one hour 
under nitrogen.'The resulting tetraalkoxybutadiene, which con­
tains small amounts of thermolysis products, could not be pur 
-ified by crystallization. Distillation even at low pressure 
gave no improvement of the purity as a consequence of pyroly-
sis of the product. All tetraalkoxybutadienes showed M^ and 
(M-R)® peaks in their mass-spectra. 
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TABLE 1 TETRAALKOXYCYCLOBUTENES (2), FORMED BY ELIMINATION OF HCN FROM 1,1-DICTANOCYCLOBUTANES (1). 
R1 
СН, 
сн3 
сн. 
сн. 
сн3 
сн. 
R2 
02NHQh 
ci^ D-
<ö^ 
н 3с^> 
cH3o-<Qb 
Φ-
yield 
56% 
74% 
11% 
12% 
74% 
62% 
m.p. 
110° 
100° 
53° 
56° 
63° 
109° 
elemental analyses 
C15H16N2°6 c a l c · c 56.25 H 5.04 N 8.75 
(320.30) found 56.7 5.0 8.5 
C 1 5H 1 6C1N0 4 cale. C 58.16 H 5.21 N 4.52 
(309.75) found 58.1 5.3 4.6 
C 1 5H 1 ?N0 4 cale. С 65.44 H 6.22 Ν 5.09 
(275.30) found 65.0 6.3 5.0 
C 1 6H 1 9N0 4 calc. С 66.42 Η 6.62 Ν 4.84 
(289.33) found 66.5 6.6 4.8 
C l 6H i gN0 5 calc. С 62.94 Η 6.27 Ν 4.59 
(305.33) found 62.8 6.3 4.6 
C 1 3H 1 5N0 5 calc. С 58.86 Η 5.70 Ν 5.28 
(265.27) found 58.9 5.8 5.4 
UV (CH,OH) 
Amax (nm) 
298 
2Θ9 
282.5 
294 
316 
311 
IR (КВг) 
(спГ1) 
2205 C=N 
1600 
2205 C=N 
1590 
1630 
2205 C=N 
1630 
2205 C=N 
1605 
1625 
2210 CsN 
1605 
1625 
2205 C=N 
1648 
TABLE 1 CONTINUED 
сн. 
С2 Н5 
С2 Н5 
С2 Н5 
С2 Н5 
С2 Н5 
С2 Н5 
с 2н 5 
^ 
02N -<0>-
С1-0-
0-
н3снО>-
сн3о -Q-
Q-
Р-
7196 
6896 
9096 
9296 
6696 
8196 
7196 
8096 
67° 
78° 
68° 
77° 
oil* 
oil* 
66° 
71° 
C 1 3H 1 5N0 4S cale. С 55.50 H 5.37 Ν 4.98 
(281.33) found 55.4 5.5 4.9 
C l g H 2 A N 2 0 6 cale. С 60.63 Η 6.43 Ν 7.44 
(376.41) found 60.6 6.5 7.5 
C19 H24 C 1 N 04 c a l c · C 6 2·3Θ Η 6.61 Ν З. З 
(365.88) found 62.5 6.7 3.8 
C i g H 2 5 N 0 4 calc. С 68.86 Η 7.60 Ν 4.23 
(331.41) found 68.7 7.7 4.2 
C 1 7H 2,N0 5 calc. С 63.54 Η 7.21 Ν 4.36 
(321.37) found 63.8 7.2 4.4 
C 1 ?H 2 3N0 4S calc. С 60.51 Η 6.87 Ν 4.15 
(337.44) found 60.5 6.9 4.2 
318 
288 
299 
288 
282.5 
294 
315 
311 
318 
288 
2200 ΟΞΝ 
1620 
2205 ΟΞΝ 
1600 
2205 C=N 
1590 
1630 
2205 С=Ы 
1632 
2205 C=N 
1605 
1625 
2200 Ο Ξ Ν 
1605 
1625 
2205 C^N 
1646 
2200 C=N 
1625 
* After evaporation of the ether the resulting dark oil was purified at 100°c/0.1 mm by ball-tube 
distillation, which gave a nearly colourless oil. 
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TABLE 2 TETRAALKOXYBUTADIENES (3),
 1 ,C=C-C=C\ ., DERIVED FROM THE 
R
 ° ¿N OR1 
CORRESPONDING TETRAALKOXYCYCLOBUTANES (2). 
R1 
сн3 
сн3 
CH, 
сн3 
CH, 
сн3 
сн 3 
с 2н 5 
с 2н 5 
C2 H5 
с 2н 5 
R2 
02N - 0 -
ci -Q-
o-
н3с - 0 -
CH3O H Q K 
CL 
^ 
°2N -©-
o-
сн3о -Q-
Ό-
UV(CHC1,) \ 3 
Amax (nm) 
361 
307 
304 
307 
307 
303 
305 
360 
303 
309 
308 
purity from NMR-spectrum 
70% 
95% 
80% 
100% 
85% 
100% 
100% 
could not be determined 
II 
II 
II 
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CHAPTER IV 
SYNTHESIS OF 4-ARYL-3-CYANOCYCLOBUTENE-1,2-DIONES AND THEIR 
REACTION WITH O-PHENYLENEDIAMINE 
HC 
56\ 
5 6V 
/—4 
/ 
¿—4 
1 2 
In the literature several methods have been described ' for 
the preparation of phenylcyclobutenediones (1a, b, c). In 
all of them the product is ultimately obtained by hydrolysis 
of a dihalogenated phenylcyclobutenone or tetrahalogenated 
phenylcyclobutene with sulphuric acid at 100 C. 
Many substituted phenylcyclo-
butenediones have been ob-
tained from (1a); halogenation 
in acetic acid yields the 
3-chloro- or 3-bromoderivative 
(2a and 2b, respectively) 
from which the other deriva-
tives (2c-e) can be obtained 
2 
simply . We found that 4-aryl-
3-cyano-cyclobutenediones (5) 
which have not yet been 
described can be prepared by 
base catalysed elimination-5 of hydrogen cyanide from 1,1,2,2-
tetraalkoxy-3,3-dicyano-4-arylcyclobutanes (3), followed by 
hydrolysis of the acetal groups in (4) with concentrated 
sulphuric acid at room temperature (Scheme 1) 
1a R = H 
b R = alkyl 
с R = aryl 
2a X = CI 
b X = Br 
с X = OCH 
d Χ = NH2 
e Χ = OH 
R V 
C N 
C N 
base 
OR 
1 
R O -
C N 
OR 
OR OR 
(3) 
OR OR 
( 4 ) 
<f 
. C N 
\ 
(5) 
Scheme 1 
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In Table 1 yields and physical data of several cyanocyclobutene-
diones obtained in this way are shown. 
The high and varied reactivity of phenylcyclobutenedio-
5 
nes has been extensively studied, mainly by Ried and coworkers . 
In general the unsubstituted phenylcyclobutenediones behave 
as «,ρ -unsaturated diketo compounds, whereas the 3-substituted 
derivatives (2a, b, c, d, e) show reactivities of vinylogous 
carboxylic acid derivatives. The dependence of the reactivity 
on the nature of the group in the 3-position is clearly demon­
strated in reactions with o-phenylene diamine. 
X = Η (1a) X = aryl (1c) 
= alkyl (1b) = Br (2b) 
H5 C 4e * 
<? 
X=Br. 
\ H 2 N ^ 4 ^ 
HsC^ X 
Scheme 2 
(2b)Yields the cyclobuta [bl chinoxaline (6), apparently by 
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primary attack of the nucleophile at the 3-position since 
the symmetrical substitution product (7) is obtained as 
a second product . The unsubstituted cyclobutenediones (1a-
c) give, however, 2-phenylacetyl-chinoxalines ' ' (9) by 
ring opening of the cyclobuta [bj chinoxalines (8) which 
arise by condensation and addition of the diamine. With 
the cyclobutenediones (1a, b) the nucleophile is only added 
at the 3-position containing hydrogen or an alkyl residue, 
not at Сл bearing a phenyl residue, probably because in 
this way a better stabilized intermediate is formed in the 
addition step (e.g. 10). 
We found that several 4-aryl-
3-cyano-cyclobutenediones 
react with o-phenylenedia-
mine in a similar way as 
the compounds (1a-c), but 
at the other side of the 
ring system. The only type 
of product which could be 
(1°) isolated from 4-phenyl-, 
4- (p-methoxy-phenyl)-, and 
4- (* -thienyl)-3-cyanocyclo-
(X = H, alkyl) butenedione on reaction 
with o-phenylenediamine 
in a mixture of tetrahydrofuran and glacial acetic acid 
was a 2-cyanoacetyl-3-aryl-chinoxaline (11) (see Table 2). 
NC 
<г~л HN-^Ч^ 
(5) 
N ( 
J 
: F .4 
. J 
_ 
N C-C H-C 2
 Η 
R2 = phenyl, p-methoxyphenyl, o<-thienyl 
Scheme 3 
(11) 
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The strong dependence of the course of the reaction 
on the nature of the groups at the olefinic ring positions 
is further demonstrated by other experimental data. 
Recently Riedy reported that 4-phenyl-3-(p-tosyl)-
cyclobutenedione yields substitution products (6) and (7), 
but in this case a corresponding product (12) was also ob­
tained as a side product. 
H 5 ^ ^ b 4
r r
^ % 
H3CHQHSO-CH2-C 
о 
(12) 
Further synthetic applications of the characteristic 
reactivity of 3-cyanocyclobutenediones, apparently caused 
by the low electron density in the olefinic bond, are un­
der investigation. 
EXPERIMENTAL 
3-Cvanocvclobutene-1,2-diones (5) from 3,3i4t4-tetraalkoxy-
1-cvanocvclobutenes (4) (see Table 1) 
A finely divided tetraalkoxycyanocyclobutene (4) 
(0.01 mol) is dissolved in 20 ml of concentrated sulphuric 
acid with stirring. 
The solution immediately becomes yellow to brown de­
pendent on the cyclobutene involved. 
After one hour the mixture is poured on to crushed 
ice, and the cyclobutenedione appears as a yellow precipi-
30 
tate. The mixture is extracted three times with chloroform. 
The combined extracts are washed three times with satura-
ted sodium chloride solution until neutral. 
(Washing with aqueous sodium hydrogen carbonate or sodium 
carbonate solutions lowered the yields drastically). 
After drying over anhydrous sodium sulphate and filtrati-
on the solvent is evaporated in vacuo leaving the desired 
2 
product as a yellow crystalline mass. In the case of R 
= p-NOo - cfiHA - a r e d o i l w a s obtained which was not furth-
er purified. The other products were recrystallized from 
acetone. 
2-Cyanoacetylchinoxalines (11a) from 3-cvanocyclobutene-
1.2-diones (5) and o-phenylenediamine (Table 2) 
A 3-cyanocyclobutene-1,2-dione (5) (1 mmol) is dis-
solved in a mixture of 5 ml each of tetrahydrofuran and 
glacial acetic acid; 1 mmol of o-phenylenediamine dissol-
ved in 4 ml of the same solvent mixture is added in one 
portion with stirring at room temperature. The solution 
becomes immediately dark red and after a short time preci-
pitation of the chinoxaline starts. After standing at room 
temperature for 14 hours the precipitate is collected. Re-
crystallization from methanol gives the desired product 
as fine needles. 
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TABLE 1 3-CYAN0CYCL0BUTENE-1,2-DI0NES(5) FROM 3,3,4,4-TETRAALK0XY-1-CYAN0CYCL0BUTENES (4) 
R2 
02N-O~ 
C I H Q K 
o-
H3C-0-
н3со-^>-
Φ-
yield 
80% 
90% 
95% 
95% 
94% 
82% 
• 
m.p. 
oil 
184° 
154° 
151° 
169° 
123° 
mass-spectrum 
228 
172 (M-2C0) 
219/217 (M) 
163/161 (M-2C0) 
183 (M) 
127 (M-2C0) 
197 (M) 
141 (M-2C0) 
213 (M) 
157 (M-2C0) 
173 (M) 
117 (M-2C0) 
uv (HCCI3)** 
A max (run) 
312 
325 (shoulder) 
334 
321 
337 
369 
347 
355 (shoulder) 
IR (КВг) 
/(cm"1) 
2220 C=N 
1790 C=0 
1600 1580 
2214 C=N 
1787 C=0 
1629 1590 
2210 C=N 
1783 C=0 
1667 1595 
2214 C=N 
1780 C=0 
1649 1602 
2214 C=N 
1775 c=o 
1666 1598 
2217 C=N 
1790 C=0 
1667 1625 
TABLE 1 CONTINUED 
Ό-
В5% 232° 189 (M) 
133 (М-2С0) 
353 2212 CfeN 
1780 С=0 
1689 1655 1580 1568 
» All cyclobutenediones showed correct elemental analyses. 
** The phenylcyclobutenediones, already reported in the literature, show strong U.V. absorption 
between 280 and 330 run in ethanol2. 
_1 
*** The two carbonyl functions give rise to strong absorptions near 1780 cm , which is 
characteristic for carbonyl functions in four membered ring systems (see reference 2). 
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TABLE 2 2-CYANOACETYLCHINOXALINES ( 1 1 ) FROM 3-CYANOCYCLOBUTENE-1,2-DIONES (5 ) AND o-PHENYLENEDIAMINE 
R2 
€^ 
H3C0-®-
U-
yield 
55% 
50% 
65% 
m.p. 
180° 
220° 
172° 
mass-spectrum 
273(M) 
зоз(м) 
279(M) 
•H-NMR (CDCl,)* 
i(ppm) 
4.42 (s, 2H) 
4.44 (s, 2H) 
4.40 (з, 2H) 
IR(KBr)** 
V(cm"1) 
2253 C=N 
1712 C=0 
2250 C=N 
1710 C=0 
225О 0ΞΝ 
1712 C=0 
elemental analyses 
C 1 7H 1 1N 30 cale. С 74.71 H 4.06 N 15.38 
(273.30) found 74.8 4.0 15.3 
C 1 8H 1 3N 30 2 cale. С 71.28 H 4.32 N 13.85 
(ЗОЗ.32) found 71.3 4.3 13.8 
C15HgN30S cale. С 64.50 H 3.25 N 15.04 
(279.32) found 64.4 3.3 15.0 
•P-
* Only the Chemical shift of the -CH?-protons is given. 
** The value of the C=N absorption points to a non-conjugated nitrile group. 
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CHAPTER V 
ACETALS OF «-KETOESTERS BY HYDROLYSIS OF 1,1,2,2-TETRAAL-
KOXY-3-CYANO-CYCLOBUTANES 
Recently we reported that the cycloaddition of te-
traalkoxyethenes (1) with cyanoethenes having another 
electron-withdrawing substituent at C, (2) provides a simple 
method for the preparation of various, substituted tetraal-
koxycyclobutanes (4). Such reactions are supposed to pro-
ceed via a zwitterionic intermediate (3) ' , which might 
be trapped e.g. by water. However, performance of the cyc-
loaddition in the presence of a large amount of water 
did not yield the expected acetal of an «-ketoester (7). 
This may be due to the very fast ring closure of the adduct 
(3), which is also apparent from the high stereospecificity 
2 
of the cycloaddition . 
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( 2 ) 
H — С — С — С — C O O R <££• 
I Із Ι ι - R O H ι 
CN R OR R O- ( © 
OR1 4 ° R 1 
он
1
 <-
ι 
RO- -OR 
(7) (6) 
OR OR 
(5) 
Χ = CN, S02CgH , C00C2H /R
¿
 = Η. 
When (A) was heated under reflux in a mixture of dioxan 
and water, (7) did appear in the reaction mixture and 
1 4 
could be isolated, but dependent on R and R variable 
amounts of (2) were also formed . Better results were 
obtained when (A) was heated under reflux either in the 
same solvent mixture with hydrogen chloride as a catalyst 
or in glacial acetic acid. In both cases (7) could be 
isolated in nearly quantitative yield. With sulphuric 
acid or boron trifluoride as the catalyst the acetáis form 
-ed (7) were always accompanied by side-products which 
were not identified. Phenols or alcohols do not decompose 
the cyclobutanes (k), not even on prolonged heating under 
reflux in dioxan. 
The method may be of value in the preparation of 
distinct non-natural β»-amino acids via oc-ketoacids. 
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EXPERIMENTAL 
Acetáis of «t-ketoesters (7) from 1.1,2.2-tetraalkoxv-3-
cvanocvclobutanes (4) (see Table). 
A solution of a cyclobutane (4) (3 mmol) in a mix-
ture of 35 ml of dioxan, 35 ml of distilled water and 
0.3 ml of concentrated hydrochloric acid is heated under 
reflux for 5 hours (24 hours for R3 = (CH,)2CH). 
After completion of the reaction the solvent is 
evaporated in vacuo. The residue is dissolved in ether, 
washed with 1096 aqueous sodium hydrogen carbonate so-
lution, and the aqueous layer extracted twice with ether. 
The combined ethereal extracts are washed three times 
with a saturated sodium chloride solution until neutral. 
After drying over anhydrous sodium sulphate and filtra-
tion the ether is evaporated in vacuo. 
Crystallisation of the residue from dilute methanol 
(dilute ethanol for the ethoxy compounds) yields the ы-
ketoester acetáis in pure form. The «-ketoester acetáis 
which did not crystallize were purified by ball-tube dis-
tillation at 125°C/0.1 torr. 
All compounds showed M®, (M - OR)® and (M - COOR)® 
peaks in the mass-spectrum. 
REFERENCES 
• Original text: P.H.J. Ooms, J.W. Scheeren, R.J.F. Nivard, 
Synthesis 1975. 662 
1. P.H.J. Ooms, J.W. Scheeren, R.J.F. Nivard, 
Synthesis 1975. 260./Chapter II. 
38 
2. R.W. Hoffmann, Angew. Chem. 80, 823 (1968): 
Angew. Chem. Internat. Edit. 2» 754 (1968). 
3. H.К. Hall, Jr., P. Ykman, J. Amer. Chem. Soc. 
22, 800 (1975). 
4. R. Schug, R. Huisgen, J. Chem. Soc, Chem. Comm. 
1975. 60. 
5. Chapter X. 
TABLE cl-KETOESTER ACETALS ( 7 ) BY ACID HYDROLYSIS OF 1,1,2,2-TETRAALK0XYCYCL0BUTANES ( 4 ) , 
Χ R2 OR1 
I I I л ·> 
H-C—С—C-COOR',(R =H) 
1
 ' з I 1 CN R-' OR 
R1 
сн3 
сн3 
сн3 
сн3 
сн, 
3 
сн3 
сн3 
R3 
сн3-
(сн3)2сн-
о2ынОь 
сі^Оь 
Or 
сн3о-0-
Ό-
χ 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
yield 
92% 
80% 
86% 
92% 
89% 
94% 
85% 
m.p. 
53° 
• 
oil 
101° 
111° 
91° 
75° 
53° 
mass-spectrum 
195 (M-OCH3) 
167 (м-соосн3) 
I 
223 (M-OCH3) 
195 (M-COOCH3) 
302 (M-0CH3) 
274 (M-C00CH3) 
291/293 (M-0CH3) 
263/265 (M-C00CH3) 
288 (M) 
257 (M-OCH3) 
229 (M-C00CH3) 
318 (N) 
287 (M-OCH3) 
259 (M-COOCH3) 
278 (M) 
247 (M-OCH3) 
219 (M-COOCH3) 
elemental analyses 
C 1 0H 1 4N 20 4 cale. С 53.09 Η 6.24 Ν 12.38 
(226.23) found 52.9 6.3 12.3 
C12H18N2°4 c a l c · c 56.68 Η 7.14 N 11.02 
(254.29) found 57.1 7.2 10.9 
C 1 5H 1 5N 30 6 cale. С 54.05 Η 4.54 Ν 12.61 
(333.30) found 54.1 4.6 12.8 
C 1 5H 1 5C1N 20 4 calc. С 55.82 Η 4.68 Ν 8.68 
(322.75) found 55.9 4.5 8.7 
C15H16N2°4 c a l c · c 62.49 Η 5.59 N 9.72 
(288.30) found 62.7 5.7 9.6 
C16H18N2°5 c a l c · c 60.37 Η 5.70 N 8.80 
(318.33) found 60.5 5.65 8.8 
C 1 3H 1 4N 20 5 cale. С 56.11 Η 5.07 Ν 10.07 
(278.26) found 56.3 5.1 10.0 
TADLE CONTINUED 
СП, 
сн. 
сн. 
С2 Н5 
С2 Н5 
С2 Н5 
С2 Н5 
С2 Н5 
с 2н 5 
№ 
о-
о-
СП--— 
(сн3)2снл 
а^  
g-
Оь 
<о^ 
CN 
зо 2с 6н 5 
СООС,Н
к 2 5 
CN 
CN 
CN 
CN 
so 2c 6H 5 
соос H 
94% 
91% 
92% 
\ 
I 
85% 
90% 
93% 
93% 
88% 
95% 
В6° 
102° 
78° 
Oll* 
\ 
oil* 
oil* 
59° 
9 ° 
oil* 
294 
263 
235 
403 
372 
344 
335 
304 
290 
276 
223 
195 
251 
223 
285 
257 
275 
247 
400 
372 
332 ( 
304 ( 
(M) 
(M-OCH,) 
(м-соосн,) 
(M) 
(м-осн3) 
(м-соосн,) 
(м) 
(м-осн,) 
(м-ос2н5) 
(м-соосн,) 
(и-ос2н5) 
;м-соос2н5) 
;м-ос2н5) 
(м-соос2н5) 
J4-OC2Hg) 
'М-С00С
о
П
с
) ¿- 5 
м-ос2н5) 
м-соос2н5) 
м-ос2н5) 
м-соос2н5) 
м-ос2н5) 
м-соос2н5) 
C13 H14 N2°4 S 
(294.33) 
C 2 0H 2 1N0 6S 
(403.45) 
C17 H21 N 06 
(335.36) 
C13H20N2°4 
(268.31) 
C15H24N2°4 
(296.37) 
C18H20N2°4 
(330.38) 
C16H20N2°5 
(320.35) 
C 2 5H 2 7N0 6S 
(445.53) 
C 2 0H 2 7N0 6 
(377.44) 
cale. С 53.05 
found 53.1 
cale. С 59.54 
found 59.6 
cale. С 60.89 
found 60.9 
cale. С 58.19 
found 58.3 
cale. С 60.79 
found 61.0 
cale. С 65.44 
found 65.4 
cale. С 59.99 
found 59.9 
cale. С 62.00 
found 61.9 
cale. С 63.65 
found 63.8 
H 4.79 
4.8 
H 5.25 
5.3 
H 6.31 
6.3 
H 7.51 
7.6 
H 8.16 
8.2 
H 6.71 
6.8 
H 6.29 
6.3 
H 6.11 
6.1 
H 7.21 
7.2 
N 
N 
N 
N 
N 
N 
N 
N 
N 
9.52 
9.5 
3.47 
3.5 
4.18 
4.1 
10.44 
11.0 
9.45 
9.1 
8.48 
8.5 
8.74 
8.75 
3.14 
3.0 
3.71 
3.7 
After evaporation of the ether the resulting oil was purified at 125UC/0.1 torr by ball-tube 
distillation, which gave a nearly colourless oil. 
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CHAPTER VI 
HYDROLYSIS AND SUBSEQUENT DECARBOXYLATION OF 1,1,2,2-
TETRAALKOXY-3-CYANO-3-ETHOXYCARBONYLCYCLOBUTANES .1,* 
In the first paper of this series the thermal cyclo­
addition of tetraalkoxyethenes with proper electron-
deficient olefins has been described as an easy method for 
the preparation of tetraalkoxycyclobutanes. In order to 
get smooth reactions at moderate temperature the electron-
poor component has to contain at least a cyano group and 
a second electron-withdrawing substituent (CN, SO^CgHj-) 
at one of the olefinic carbon atoms. This restricts the 
usefulness of the method in so far that only tetraalkoxy­
cyclobutanes (1) with less versatile substituents at C, 
can be obtained in this way. Previous experiments already 
revealed that the cyano group in (1) cannot simply be sub­
jected to solvolytic reactions. 
CN CN 
(1) 
R10-
(X=CN) 
2 base 
R CN 
-OR 
OR OR 
(X=CN,S02C6H5> 
OR OR 
(2) 
, HS о 
(3) 
NC-CHx-CH R-CIOR'I-COOR 1 
(4) 
Scheme 1 
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Treatment of (1) (Χ = CN) with a strong base leads to 
elimination of hydrogen cyanide, leaving a 3,3,4,4-tetra-
alkoxy-1-cyanocyclobutene (2). Subsequent treatment of the 
product with concentrated sulphuric acid causes hydrolysis 
of the acetal functions giving 3-cyanocyclobutene-1,2-
diones (3). Acid hydrolysis of (1) leads to opening of the 
four-membered ring, yielding the acyclic acetáis of o<-keto-
esters (4). 
As another approach to the simplification of the 
substitution pattern in compounds (1) we investigated the 
hydrolytic behaviour of cycloaddition products having an 
ester function as the second electron-withdrawing group 
(1 : X = COOC-Hc). They were obtained in the same way as 
2 
previously described for the cycloadditions with dicyano-
ethenes but in general longer reaction times were necessary 
(Table 1). The lower reactivity of the esters of <n, A -
unsaturated a-cyanocarboxylic acids (5) towards tetraalkoxy-
ethenes (6) in comparison with dicyanoethenes is most 
emphatically apparent in the complete resistance of the 
ρ 
ester of e<-cyano-iso-hexenoic acid (5. R = (CH,)„CH-) 5
 0 to cycloaddition, even on prolonged heating at 100 . The 
corresponding 1,1-dicyano olefin yields a cycloaddition 
product at this temperature, although the yield is low also 
in that case probably for steric reasons. 
As expected acid hydrolysis of compounds (7) leads 
to opening of the cyclobutane ring (Scheme 2). On treatment 
of (7) with sodium hydroxide in methanol/water (4:1) at 
50 the ester group is completely converted into a carboxy-
late residue (8) within one hour. On prolonged heating of 
the reaction mixture under reflux decarboxylation occurs 
giving 1,1,2,2-tetraalkoxy-3-cyanocyclobutanes (9). 
ρ 
Since decarboxylation of (8) having R = CH, was very 
incomplete, even on prolonged heating in dilute methanol, 
we carried out the reaction in a higher boiling solvent, 
viz dilute glycol monomethylether, at 125 . Under these 
kj> 
circumstances the carboxylate residue was completely 
eliminated, but a t the same time the remaining n i t r i l e 
group was par t ly hydrolysed. 
(5) 
< / -
C = C 
VÍ C O O С H н 
(7) 
.С Ν 
ÇN 
-Ь 
ΔΤ 
2 5 
R10 .Ο H1 
*V NOR1 
R10-
C N R2 OR1 : N  F 
-COO C H t 
МП® & i l l ι 
м
з
и
 > H — С — С — Ç — С OOR 
~ ι ' ' l i 
OR H С O O G H OR 5 2 
OR ÓR 
( 6 ) NaOH 
С HO H/ HO 
1 hr 50° 3 2 
C O O H 
(Θ) 
(11) (12) 
CN R2 OR1 
Scheme 2 
H — С — С — С — С O O R 
I l ι ι 
H O O C H OR 
(13) 
kk 
After isolation of the cyanocyclobutane derivative (9) 
(60%) the corresponding carboxylic acid (10) could be 
obtained in 31% yield as a second product. 
Careful acidification of solutions containing a 
sodium salt (8) did not yield the corresponding free acid 
(11). At рн 3.5 the y, y, «Í, i-tetraalkoxy- ot-cyano- i-lactons 
(12) were obtained in high yields. At lower pH-values acetáis 
of «-ketoesters (13) were the only products. Apparently 
the acid strength of compounds (11) is large enough for 
autocatalysed acidolysis of the cyclobutane ring. 
Our results demonstrate that the ethoxycarbonyl group 
at C, of the tetraalkoxycyclobutanes (7) can rather well 
be removed without damage to other parts of the molecule. 
The basic hydrolysis of the cyano group in the resulting 
product (9) is strongly facilitated by this elimination 
of the second substituent at C,, so that also the correspon-
ding free acids (10) can be obtained. Moreover elimination 
of one of the substituents at C, in (7) increases the acid 
stability of the 4-membered ring; unlike (11), (10) is a 
stable product in aqueous solution. 
EXPERIMENTAL 
Synthesis of the ot, 0 -unsaturated a-cyanocarboxylic esters 
The electron-poor olefins used were prepared by 
Knoevenagel condensation from the appropriate aldehydes 
and the ethyl ester of a-cyanoacetic acid . The compounds 
with R2 = ρ - N02-C6H4-(m.p. 173°; yield 75%), p-Cl-CgH^-
(m.p. 96°; yield 87%) and p-CH^O-CgH^- (m.p. 83°; yield 
80%) were synthesized according to the procedure described 
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for R 2 = C 6H 5 < 
1.1.2,2-Tetraalkoxv-3-cyano-3-ethoxycarbonvlcvclobutanes 
(7) (Table 1) 
A mixture of a tetraalkoxyethene (0.02 mol) and a 
1-cyano-l-ethoxycarbonylethene (5) (0.01 mol) was heated 
without solvent at 100 for the time indicated in Table 
1. The excess of tetraalkoxyethene was then evaporated, 
and the residual oil mostly crystallized from methanol. 
The product (7) with R1 = R2 = CH, was crystallized from 
1 э 7 
dilute methanol, that with R = C 2H 5, R = CH, was purified 
by distillation in vacuo. 
1,1,2.2-Tetraalkoxy-3-cyanocyclobutanes (9) (Table 2) 
Sodium hydroxide (0.03 mol) and (7) (0.01 mol) were 
dissolved in a mixture of methanol (20 ml) and water (5 ml), 
and the solution was heated under reflux for 20 hrs. The 
solvent was then evaporated in vacuo, the residue dissolved 
in water, and the aqueous solution extracted three times 
with ether. The ethereal extracts were washed twice with 
a sodium chloride solution, dried over anhydrous sodium 
sulphate and filtered. After evaporation of the solvent 
in vacuo the residual oil was crystallized from methanol. 
From (7) having R = CH, a much higher yield of the 
corresponding product (9) was obtained when ethylene glycol 
monomethylether (20 ml) was used instead of methanol in 
the solvent mixture, which allows a higher temperature 
(125 ). Under these circumstances the acid (10) (R = CH,) 
could be obtained as a second product when the aqueous layer 
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after extraction with ether during the work-up procedure 
is not discarded but acidified, and then again extracted 
three times with ether. After drying, filtration and 
evaporation of the ethereal extract the acid is left in 
31# yield; m.p. 127°C (dilute methanol); m/e 321 M®, 306 
(M - CH,)® and 290 (M - OCH,)® C^H^Og requires С 51 , 27 
H 7,75 found С 51,2 H 7,8. 
У,У,J,&-Tetraalkoxy-o(-cvano-S-lactons (12) (Table 3) 
The same reaction mixture as in the previous prepara­
tion was heated for only 1 hr. at 50 . The solvent was then 
evaporated in vacuo, and the residue dissolved in water. 
After three extractions with ether the aqueous layer was 
acidified to pH 3.5 with dilute hydrochloric acid and again 
extracted three times with ether. The combined ethereal 
extracts were dried over anhydrous sodium sulphate, filtered 
and evaporated in vacuo. The residual oil was crystallized 
from methanol. 
Acetáis of d-ketoesters (13) (Table 4) 
The same procedure was used as in the previous pres-
cription but acidification during the work up procedure 
was done to pH 2.5. 
The investigation was carried out under the auspices of 
the Netherlands Foundation for Chemical Research (S.O.N.) 
with financial support from the Netherlands Organization 
for Advancement of Pure Research (Z.W.O.). 
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TABLE 1 1,1,2,2-TETRAALK0XY-3-CYAN0-3-ETH0XYCARB0NYLCYCL0BUTANES (7). 
R1 
CH, 
CH, 
сн3 
CH, 
CH, 
C 2 H 5 
! » 2 
CH,-
02
NHO~ 
ci-O-
CH3o-(Q>-
Ό-
CH,-
yield 
60% 
87% 
85% 
78% 
94% 
60% 
m.p. 
48° 
153° 
134° 
108° 
111° 
oil* 
reaction condi­
tions temp./time 
100°C/ 3 hrs 
100°C/ 2 hrs 
100°C/ 3 hrs 
100°C/30 hrs 
100°C/ 6 hrs 
100°C/ 3 hrs 
mass-spectrum 
272 (M-CH,) 
256 (M-OCH,) 
242 (M-OC2H5) 
379 (M-CH3) 
363 (м-осн3) 
349 (M-0C2H5) 
370/368 (M-CHj) 
354/352 (M-0CH3) 
340/338 (M-0C2H5) 
364 (M-CH3) 
348 (M-0CH3) 
334 (M-0C2H5) 
324 (M-CH3) 
308 (M-0CH3) 
294 (M-0C2H5) 
314 (M-C2H5) 
298 (M-0C2H5) 
elemental analyses 
C 1 3H 2 1N0 6 cale. С 54.35 H 7.37 Ν 4.88 
(287.31) found 54.4 7.45 4.9 
C18H22N2°8 c a l c · C 5 4 · 8 2 H 5.62 N 7.10 
(394.38) found 54.9 5.6 7.1 
C18 H22 C 1 N 06 c a l c · C 5 6 · 3 3 H 5 , 7 Θ N 3 ' 6 5 
(383.83) found 56.2 5.85 3.6 
C i gH 2 5N0 7 cale. С 60.15 Η 6.64 Ν 3.69 
(379.41) found 60.3 6.5 3.6 
C 1 6H 2 1N0 ? calc. С 56.63 Η 6.24 Ν 4.13 
(339.34) found 56.8 6.2 4.15 
C 1 ?H 2 gN0 6 calc. С 59.46 Η 8.51 Ν 4.08 
(343.42) found 58.9 8.4 4.1 
* This compound was purified by distillation in vacuo; b.p. 136°C/0.9 torr. 
TABLE 2 1,1,2,2-TETRAALK0XY-3-CYAN0CYCL0BUTANES ( 9 ) . 
R1 
CH, 
CH, 
CH, 
CH, 
CH, 
с 2н 5 
R2 
сн3-
ci-O-
©-
C H 3 O - Q > -
"'0-' 
Cr 
yield 
6196 
85% 
87% 
89% 
80% 
75% 
m.p. 
93° 
122° 
121° 
102° 
91° 
84° 
mass-
200 
184 
298/296 
282/280 
262 
246 
292 
276 
252 ( 
236 ( 
304 ( 
288 ( 
spectrum 
(М-СН,) 
[М-ОСН,) 
[М-СН,) 
[М-ОСН,) 
[М-СН,) 
[М-ОСН,) 
М-СН,) 
М-ОСН,) 
М-СН,) 
М-ОСН ) 
м-с2н5) 
м-ос2н5) 
elemental analyses 
C10 H17 N 04 
(215.25) 
C 1 5 H 1 8 C 1 N 0 4 
(311.77) 
C15 H19 N 04 
(277.32) 
C16 H21 N 05 
(307.35) 
C13 H17 N 05 
(267.28) 
C 1 9 H 2 7 N 0 4 
(333.43) 
cale. С 55.80 H 7.96 
found 55.8 8.0 
cale. С 57.79 H 5.82 
found 57.8 5.9 
cale. С 64.97 H 6.91 
found 64.8 7.0 
cale. С 62.53 H 6.89 
found 62.4 7.0 
cale. С 58.42 H 6.41 
found 58.3 6.5 
cale. С 68.44 H 8.16 
found 68.5 8.2 
Ν 6.51 
6.4 
Ν 4.49 
4.4 
Ν 5.05 
5.0 
Ν 4.56 
4.5 
Μ 5.24 
5.2 
Ν 4.20 
4.2 
TABLE 3 γ ,y,J,J-TETRAALKOXY-eC-CYANO- J-LACTONS ( 1 2 ) . 
R1 
CH, 
CH, 3 
CH, 
CH, 
с2н5 
R2 
ci-O-
o-
H 3 C O - ^ 
ÇL 
<Qt 
yield 
05% 
8096 
75% 
80% 
70*> 
m.p. 
112° 
115° 
oil 
64° 
oil 
mass-spectrum 
357/355 (M) 
342/340 (M-CH,) 
326/324 (M-OCH,) 
321 (M) 
306 (M-CHj) 
290 (M-0CH3) 
351 (M) 
336 (м-сн5) 
320 (M-OCH,) 
311 (M) 
296 (M-CH3) 
280 (M-OCH,) 
377 (M) 
348 (M-C2H5) 
332 (M-OC2H5) 
elemental analyses 
C 1 6H 1 QC1N0 6 cale. С 54,02 H 5.Ю Ν 3.94 
(355.77) found 53.8 5.1 3.9 
C l 6H 1 gN0 6 cale. С 59.81 Η 5.9б Ν 4.36 
(321.33) found 59.25 6.0 4.3 
C 1 4H 1 7N0 7 cale. С 54.02 Η 5.50 Ν 4.50 
(311.29) found 53.9 5.45 4.5 
Ol 
о 
TABLE 4 ACETALS OF «-KETOESTERS (13). 
R1 
CH3 
CH, 
I 
I 
I C H 3 
CH3 
CH3 
R 2 
CH,-
ci-©-
o-
н3сэ-©-
Ç-
yield 
90% 
95% 
90% 
75% 
80% 
m.p· 
119° 
135° 
150° 
90° 
69° 
mass-spectrum 
228 (M-OH) 
214 (M-0CH3) 
200 (M-COOH) 
186 (M-COOCH,) 
326/324 (M-OH) 
312/ЗЮ (M-OCH3) 
298/296 (M-COOH) 
284/282 (M-COOCH,) 
290 (M-OH) 
276 (M-OCH,) 
262 (M-COOH) 
248 (M-COOCH,) 
337 (M) 
320 (M-OH) 
306 (м-осн3) 
292 (M-COOH) 
278 (M-COOCH3) 
297 (M) 
280 (M-OH) 
266 (M-OCH3) 
252 (M-COOH) 
238 (M-COOCH3) 
elemental analyses 
C10H15NOg cale. С 48.9Θ Η 6.17 Ν 5.71 
(245.23) found, 49.4 6.2 5.6 
C 1 5H 1 6C1N0 6 cale. С 52.72 Η 4.72 Ν 4.10 
(341.75) found 52.4 4.7 4.0 
C 1 5H 1 ?N0 6 cale. С 58.63 Η 5.58 Ν 4.56 
(307.30) found 58.5 5.6 4.5 
C l 6H i gNO y cale. С 56.97 Η 5.68 Ν 4.15 
(337.33) found 56.6 5.6 4.17 
C 1 3H 1 5N0 7 cale. С 52.53 Η 5.09 Ν ¿4.71 
(297.26) found 52.3 5.05 4.65 
I 
TABLE 4 CONTINUED . 
C2 H5 
с 2н 5 
сн3-
€У 
75% 
85% 
oil 
oil 
270 (М-ОН) 
242 (М-0С2Н5/М-С00Н) 
214 (М-С00С2Н5) 
332 (М-ОН) 
304 (м-ос2н5/м-соон) 
276 (М-С00С2Н5) 
л 
IV) 
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CHAPTER VII 
[4 + 2] CYCLOADDITIONS WITH d, ρ -UNSATURATED CARBONYL COM­
POUNDS AND CHEMISTRY OF THE RESULTING TETRAALKOXYDIHYDRO-
PYRANS1'* 
Heating of tetraalkoxyethenes at 100 С with «-
cyano-«i,ß-unsaturated carbonyl compounds gives 5,5,6,6-
tetraalkoxy-3-cyano-5,6-dihydro-4H-pyrans (4) in high 
yields. On mild acid hydrolysis compounds (4) give a mix-
ture of an i-ketoester (11) and an «<-pyrone (12) which 
can be separated well. In concentrated sulphuric acid (4) 
is converted either into the dihydro-pyrone derivative (13) 
or into the substituted ot-pyrone (14), depending on the 
temperature. Treatment of (4) with a base yields the eli-
mination product (15)· 
2 
In a previous communication we reported that cyclo-
additions between the electron-rich tetraalkoxyethenes (1) 
and electron-poor cyanoethenes (2), activated by a second 
electron-withdrawing substituent X at С., yield cyclobutane 
derivatives (3),when X = CN, S0„CgH,- or COOR. However, when 
X is an acyl group, |_4 + 2J cycloadditions take place, yield­
ing dihydropyran derivatives (4) (Scheme 1). Similar six-
membered ring compounds have been obtained previously from 
several other types of electron-rich olefins, such as enol-
•z с f\ 7 Я Q 
ethers , enamines ' and keteneacetals ' by reaction 
with an ct,ß -unsaturated carbonyl compound. Only the extreme-
5A 
R10 .O R1 
C=C + 
R ,0 / 40R' 
(1) 
X=CN,SOCH ,CO 
HV-r / X 
FT CN 
(2) 3 
X = RCO 
Scheme 1 
CN 
OR 
RO Ι ι I OR 
OR OR 
(M 
ly nucleophilic tetraaminoethene, bis M,3-diphenylimid-
azolidinylidene-2 | (5), has been shown to react in a dií 
10 ferent way. It yields a five-membered ring compound , 
probably as a consequence of the elimination of the highly 
11 12 
stabilized diaminocarbene ' (7) from a primarily formed 
dipolar adduct (6) (Scheme 2). 
?6H5 CH 
C 6 H 5 
V* 
kj 
Τ L 6 5 
Scheme 2 
\ 
(a) 
/ 
^ N — С Η 
I 6 5 
<?% 
NH 
I 
CH 
6 5 
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1 3 
Recently Bélanger and Brassard succeeded in con-
verting cycloaddition products (9) from ß-chloroketene-
acetals and <л, ρ -unsaturated cabonyl compounds into «-
pyrones (10), by elimination of hydrochloric acid and 
hydrolysis of the orthoester function (Scheme 3)· In 
view of the wide occurrence of pyran and pyrone deriva-
14 tives in nature , and the interesting applications of 
15 
«-pyrones in synthetic organic chemistry, such simple 
preparations of dihydropyrans and «-pyrones may become 
of great synthetic value. Therefore> a more extensive 
report will be given now about the synthesis of dihy-
dropyran derivatives from tetraalkoxyethenes and «,fl-
unsaturated carbonyl compounds, and about the possibil­
ities for selective removal of the orthoester and acetal 
function in these products. 
R H 
(9) 
Results 
(10) 
Scheme 3 
Tetramethoxyethene did not react with cinnamaldehyde 
or crotonaldehyde at 100 C. With acrolein and methylvinyl-
ketone at the same temperature only slight amounts of a di-
hydropyran derivative were formed, together with large 
amounts of polymeric products. Higher temperatures as have 
been used in cycloadditions of enolethers-5' (150-200 C) 
56 
and ketene acetáis (150 С) cannot be applied in reac-
tions of tetramethoxyethene, since it decomposes homo-
lytically at about 150° C. 
Faster cycloadditions were found with «,0-unsaturated 
2 3 
carbonyl compounds, R CH=CY-C0-R , having an electron-
withdrawing substituent at СЦ . The reactivity at 100 С 
towards tetraalkoxyethene was apparently still too low for 
practical use when Y = SO-CgHç, COC ¿H,- or COOR. The cyano 
derivatives (Y=CN) reacted smoothly, however, giving 5,5,6,6-
tetraalkoxy-3-cyano-5,6-dihydro-4H-pyrans (4). In this way 
several ring-substituted o(-cyano-cinnamaldehydes and -
benzalacetophenones could be converted into dihydropyran 
derivatives in yields of 80-95% (Table 1), The general 
validity of the reaction was not extended to the preparat-
ion of compounds (4) having R =H or alkyl, since useful 
syntheses of the necessary starting compounds are not 
available. 
Hydrolysis of 5,5l6,6-tetraalkoxv-3-cyano-5.6-dihydro-4H-
pyrans (4) in the presence of acids 
Acid hydrolysis of (4) yields different products 
dependent upon the reaction conditions. Refluxing in a 
mixture of dioxan/water using hydrogen chloride as the 
catalyst yielded substituted «x-ketoesters (11) as the main 
products. In all cases «-pyrone derivatives (12) were 
formed as principal side-products in 20-25% yield (Scheme 
4). The ketoesters could be separated easily from the side-
products, because of the low solubility of the latter. In 
general highest yields of (11) were obtained on heating 
the mixture under reflux for about 1 hr (Table 2). Sulphuric 
acid and p-toluene sulphonic acid are less effective for 
the conversion of (4) into (11). 
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The reaction mixture then contains many more side-
products, which were not identified. 
(12 a) 
NC fl2 OR' 
HC/H^H-Í-C-C-COOR1 
dioxan | | l . + 
;OR 
0=C H OR 
(11) 
Scheme 4 (12 b) 
I.R. data revealed that the side-product (12) 
occurs in the enol form, as a 3-hydroxypyrone (12b), 
after crystallization (Table 3). Normally treatment of 
compounds (4) with concentrated sulphuric acid gave only 
products containing theot-pyrone ring (Scheme 5)· Below 
О С 3,3-dialkoxy-5-cyano-3,4- dihydropyrones (13) were 
obtained (Table 4). At higher temperature these compounds 
apparently eliminate alcohol in the acid medium, since at 
25 С 3-alkoxy-5-cyano-«-pyrones (14) were isolated (Table 
5). The same products were obtained when the pure compounds 
(13) were treated with concentrated sulphuric acid at 25 С 
These reactions failed with (4) having R = o<-furyl. In that 
case a complex reaction mixture arose which may be due to 
58 
acidolytic cleavage of the furyl moiety. An unsatisfactory 
result was also obtained in reactions with (4) having R = 
H. 
conc^
 R2 
HfO< 
Reactivity of 5,5.6,6-tetraalkoxy-3-cyano-5. 6-dihydro-4H-
pyrans (4) towards bases 
Treatment of (4) with sodium methoxide in 1,2-di-
methoxyethane usually causes elimination of alcohol, yield-
ing 2,2,3-trialkoxy-5-cyano-2H-pyrans (15) (Table 6). Com-
pounds (4) with R =H did not react with methoxide. The use 
of a stronger base (tert. butoxide) resulted in the forma-
tion of complex reaction mixtures, independent of the 
nature of R . Hydrolysis of the products (15) with 
59 
sulphuric acid again yielded the e<-pyrone derivatives 
(14) (Scheme 6). 
Discussion 
Comparison of the reactivity of tetraalkoxyethenes 
with that of other electron-rich olefins reveals that 
enamines add much faster to et,ρ -unsaturated carbonyl com­
pounds. In general, enamines already give six-membered 
cycloaddition products at room temperature, even with less 
6 7 
activated et,p- unsaturated ketones ' . The reactivity of 
enolethers and keteneacetals seems not to be very different 
from that of tetraalkoxyethenes. Therefore, ethylvinylether 
and 1,1 -dialkoxy-iso-butene add smoothly to cyanobenzal-
acetophenone. They both even add to less activated carbonyl 
compounds e.g. cinnamaldehyde and acrolein, although at 
higher temperatures. However, the presence of the acetal 
function in the cycloaddition products (4) from tetra­
alkoxyethenes, provides these compounds with a much more 
varied reactivity than related dihydropyrans without this 
group. In general 6,6,-dialkoxydihydropyrans give only 
open-chain products, viz. ί-ketoesters on acid hydrolysis ' 
without formation of.side-products corresponding to (12). 
The formation of the compounds (12) on acid hydrolysis 
of 5.5,6,6-tetraalkoxydihydropyrans may be ascribed to hydro­
lysis of the acetal function in the primarily formed i-
ketoester (11). The resulting product (16) will enolize 
mainly e.g. (l6a 5=*l6b), which favours recyclization by 
intramolecular transesterification (Scheme 7). 
60 
C O O R 
© ( 1 1 ) 
COOR 
( 1 2 ) (16 b ) (16 a) 
Scheme 7 
The hydrolysis of the acetal function in (11) is a 
slow reaction compared with the hydrolysis of the 
orthoester function in (4). The products (11) can be 
obtained in rather higher yields when compounds (4) 
are subjected to a brief treatment with dilute hydro-
chloric acid; (12) is obtained only after longer re-
action times. The cyclization of (16), giving (12) 
in acid medium is apparently complete. The occurence 
of the o(-ketoester (16a) or its tautomer (16b) in the 
reaction mixture has never been observed. Similarly, 
acid hydrolysis of (15) yields only the cyclic product 
(14); the «-alkoxy analogue of (16b), which must be 
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(17) 
an intermediate in this reaction, could not be detected 
in the reaction mixture. 
An alternative route for the conversion of (15) into 
(14) may be via valence isomerisation of (15) into di-
enones (17), as has been described for several other -
q 17 18 
pyran derivatives ' ' . How­
ever, compound^ (15), dissolved 
in phenylcyanide, were apparent­
ly completely stable at 200 , 
whereas the isomerisation prod­
ucts (17), being keteneacetals, 
should decompose at this tem­
perature16'19,20. The thermal 
stability of (15) may be explained in a similar manner as 
21 
used for 4,6,6-trialkylpyrans 
EXPERIMENTAL 
All products were characterised by their melting points, 
given without correction, by their mass-spectra, which show 
characteristic degradation patterns for all types of com­
pounds, and from I.R. data, determined as KBr pellets. 
Preparation of w-cyano- Ы,(? -unsaturated carbonyl compounds, 
R2CH = C(CN)-C0-R3 
The compounds with R·3 = CgH,- were prepared by Knoeve-
nagel condensations between an appropriate aldehyde and 
22 
cyanoacetophenone, using piperidine as the catalyst . In 
all cases only one isomer, probably the trans, was isolated. 
2 О 
New compounds are those with R = p-chlorophenyl (m.p. 87 ,-
62 
Yield 80%) and R¿ = d-furyl (m.p. 117 ; yield 75%). 
ß-Cyanocinnamaldehydes (R-5 = H) were prepared as described 
by Wasserman . The p-methoxy compound (R = p-CHJD-C,-H, ) 
was obtained in 33% yield and had m.p. 137 . 
5.5•б.6-Tetraalkoxy-3-cyano-5•6-dihydro-4H-pyrans (U) 
(Table 1) 
A mixture of a tetraalkoxyethene (0.02 mol) and a fl-
acyl- ß-cyanostyrene (0.01 mol) is heated without solvent 
0 
at 100 . After 1 hr the excess of tetraalkoxyethene is 
evaporated and the residual oil is crystallized from 
methanol. 
ct.ot-Dialkoxv-y-cyano-f-ketoesters (11) (Table 2) 
The product (4) from the previous preparation (3 mmol) is 
dissolved in a mixture of 35 ml of dioxan and 35 ml of 
water. The solution is treated with 0.3 ml of cone, hydro-
chloric acid and refluxed for 1 hr. After evaporation of 
the solvent in vacuo the residue is dissolved in chloroform. 
The solution is washed three times with a saturated sodium 
chloride solution until neutral, dried over anhydrous sodium 
sulphate, filtered, and evaporated in vacuo. The residue 
is crystallized from methanol. 
5-Cyano-3-hydroxv-ot-Pvrones (12b) (Table 3) 
The same procedure is used as in the foregoing 
63 
preparation, but refluxing is continued for 24 hrs. The 
solvent is then evaporated in vacuo. On addition of chloro-
form to the oily residue the product (12b) precipitates 
as a crystalline compound. 
3t3 -Dialkoxy-5-cyano-3.4-dihvdropyrones (13) (Table 4) 
A finely divided tetraalkoxycyanodihydropyrane (4) 
(1 mmol) is dissolved in 5 ml of concentrated sulphuric 
acid at 0 with stirring. The solution becomes yellow to 
brown. After 1 hr the solution is poured on to crushed ice. 
The mixture is then extracted three times with chloroform, 
and the combined extracts are washed three times with a 
saturated sodium chloride solution until neutral. After 
drying over anhydrous sodium sulphate and filtration the 
solvent is evaporated in vacuo. The residual oil is 
crystallized from methanol. 
3-Alkoxy-5-cyano- ct-pvrones (14) (Table 5) 
The procedure is the same as that in the foregoing one, but 
the reaction mixture is stirred for 1 hr at 25 . 
2,2,3-Trialkoxy-5-cyano-2H-pyrans (15) (Table 6) 
Sodium methoxide (2 mmol) was added to a solution of tetra-
alkoxycyanodihydropyran (4) (1 mmol) in 10 ml of dry 1,2-
dimethoxyethane. The mixture is stirred for the time and 
at the temperature as indicated in Table 6. The solvent is 
then evaporated in vacuo, and the residue dissolved in 
su 
water. The aqueous solution is extracted three times with 
chloroform, the combined extracts were washed three times 
with a saturated sodium chloride solution, dried over 
anhydrous sodium sulphate, and filtered. After evapora-
tion of the solvent the residue is crystallized from me-
thanol . 
The investigation was carried out under the auspices 
of the Netherlands Foundation for Chemical Research (SON) 
with financial support from the Netherlands Organization 
for Advancement of Pure Research (ZWO). 
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TABLE 1 5,5,6,6-TETRAALK0XY-3-CYAN0-5,6-DIHYDR0-4H-FYRANS (4) ACCORDING TO SCHEME 1 
R1 
CH, 3 
CH, 
CH, 
CH, 
CH, 3 
R2 
o2n-Q-
CIHQ-
H 3 C O - ^ 
V 
CH 3 O-Q-
R 3 
α 
α 
о-
о-
Η 
yield 
87% 
90% 
95% 
88% 
80% 
m.p. 
158° 
134° 
120° 
81° 
122° 
mass-spectrum 
426 (M) 
411 (м-сн,) 
395 (М-0СН3) 
416/414 (M) 
401/399 (М-СН,) 
385/383 (М-0СН3) 
411 (M) 
396 (М-СН3) 
380 (М-0СН?) 
371 (М) 
356 (М-СН3) 
340 (М-ОСН,) 
335 (М) 
320 (М-СН3) 
304 (М-0СН3) 
IR (КВг) 
/(cm" 1) 
2212 С=Н 
1620 С=С-0 
2210 CEN 
1625 С=С-0 
2208 C=N 
1618 С=С-0 
2218 C=N 
1640/1632 С=С-0 
2212 C=N 
1646 С=С-0 
elemental analyses 
C22H22N2°7 с а 1 с · с 61·97 Η 5.20 Ν 6.57 
(426.43) found 62.1 5.3 6.55 
C22 H22 C 1 N 05 0 a l c · C 63'5¿+ H 5 · 3 3 N 3.37 
(415.87) found 63.7 5.4 3.4 
C23H25N06 c a l c· c 67.14 H 6.12 N 3.40 
(411.45) found 66.9 6.2 3.4 
C20H21N06 c a l c· c 64.68 H 5.70 N 3.77 
(371.39) found 65.0 5.Î 3.8 
C17H21N06 cale. С 60.89 H 6.31 Ν 4.18 
(335.36) found 61.0 6.4 4.2 
σι 
σ\ 
TABLE 2 βί,ίΚ-DIALKOXY-y-CYANO-í-KETOESTEKo ( 1 1 ) ACCORDING TO SCHEME 4 (R5=Cf-Hf-) 
R1 
сн3 
CH, 
CH, 
сн3 
CH, 
с 2н 5 
R2 
o-
н 3со-0 
g-
yield 
75% 
70% 
70% 
80% 
45% 
О" ! 859é 
m.p. 
67°" 
120° 
125° 
122° 
109° 
83° 
mass-spectrum 
381 (M-0CH,) 
353 (M-COOCH ) 
403/401 (M) 
372/370 (M-0CH3) 
344/342 (M-C00CH3) 
367 (M) 
336 (м-осн3) 
308 (M-C00CH3) 
397 (M) 
366 (м-осн3) 
338 (M-C00CH3) 
357 (M) 
326 (M-0CH3) 
298 (M-C00CH3) 
409 (M) 
364 (M-0C2H5) 
336 (M-COOC 2H 5) 
IR (KBr) 
/(cm" ) 
2235 C=M 
1735 C=0 
1692 C=0 
2237 C=N 
1735 C=0 
1693 C=0 
2240 C=N 
1760 C=0 
1696 C=0 
2239 C=N 
1761 C=0 
1690 C=0 
2240 C=N 
1731 c=o 
1692 C=0 
2239 C=N 
1731 c=o 
1692 C=0 
elemental analyses 
C21H20N2°7 c a l c · c 61.16 H 4.89 N 6.79 
(412.40) found 60.5 4.9 6.7 
C21 H20 C 1 N 05 c a l c ' C 6 2·77 Η 5.02 Ν 3.49 
(401.85) found 63.0 4.9 3.4 
C21 H21 N 05 cale. С 68.65 Η 5.76 Ν 3.81 
(367.40) found 68.8 5.8 3.8 
C22 H23 N 06 cale. С 66.49 Η 5.83 Ν 3.52 
(397.43) found 66.7 5.9 3.6 
C l gH i gN0 6 calc. С 63.86 Η 5.36 Ν 3.92 
(357.36) found 63.8 5.4 4.0 
C24 H27 N 05 c a l c · c 70.40 Η 6.65 N 3.42 
(409.48) found 70.1 6.7 3.4 
TABLE 3 5-CYAN0-3-HYDR0XY-<X-PYR0NES (12b) ACCORDING TO SCHEME 4 
R 2 
0 2NU 
<Qb 
H3C0-O-
yield 
25% 
22% 
20% 
25% 
m.p. 
216° 
226° 
197° 
228° 
mass-spectrum 
334 (M) 
306 (М-СО) 
277 (М-СО-СОН) 
325/323 (M) 
297/295 (М-СО) 
268/266 (М-СО-СОН) 
289 (М) 
261 (М-СО) 
232 (М-СО-СОН) 
319 (М) 
304 (М-СН3) 
288 (М-ОСН,) 
291 (М-СО) 
262 (М-СО-СОН) 
IR (KBr) 
/(cm"1) 
2222 CSN 
1710 C=0 
1625 C=C-0 
3352 OH 
2230 CHN 
1710 c=o 
1627 C=C-0 
3350 OH 
2225 CHN 
1710 C=0 
1620 C=C-0 
3355 OH 
2228 ΟΞΝ 
1710 C=0 
1620 C=C-0 
ι 
uv (снсі3) 
λ max (run) 
345 
331 
331 
342 
elemental analyses 
C18H10N2°5 c a l c · c 64.67 Η 3.02 N 8.38 
(334.29) found 63.05 3.1 8.2 
C 1 8H 1 0C1N0 3 cale. C 66.78 Η 3.11 N 4.33 
(323.74) found 66.7 3.1 4.15 
CjgH^NOj cale. С 74.73 Η 3.83 Ν 4.84 
(289.29) found 74.1 3.9 4.8 
C i gH 1 3N0 3 calc. С 71.47 Η 4.10 Ν 4.39 
(319.32) found 71.3 4.0 4.35 
СГі 
OD 
TABLE 4 3,3-DIALKOXY-5-CYANO-3,4-DIHYDROPYRONES (13) ACCORDING TO SCHEME 5 (R-^СЛЬ) 
R1 
CH, 
CH, 3 
CH, 
CH, 
с2н5 
R2 
02N^D-
ci-O 
о 
н3со-0 
o 
yield 
95% 
90% 
90% 
90% 
88% 
m.p. 
163° 
125° 
154° 
164° 
121° 
mass-
380 
349 
334 
370/368 
339/337 
324/322 
335 
304 
289 
365 ( 
334 ( 
319 ( 
363 ( 
318 ( 
2 9 ( 
spectrum 
(M) 
(м-осн3) 
;M-H,COCH3) 
(M) 
;м-осн,) 
;M-H3COCH3) 
M) 
м-осн3) 
M-H 3COCH 3) 
M) 
M-OCH 3) 
M-H 3COCH 3) 
M) 
M-OC 2H 5) 
М-Н
к
С
о
0С
о
Н
с
) 5 2 2 5 
IR (КВг) 
v/(cm"1) 
2212 C^N 
1745 C=0 
1630 C=C-0 
2210 C=N 
1745 c=o 
1630 c=c-o 
2216 C=N 
1757 c=o 
1635 C=C-0 
2202 C=N 
1753 C=0 
1631 C=C-0 
2210 CHN 
1751 C=0 
1636 C=C-0 
e 
C20H16N2°6 
(380.36) 
C20 H16 C 1 N 04 
(369.80) 
C20 H17 N 05 
(335.36) 
C21 H19 N 05 
(365.39) 
C22 H21 N 04 
(363.41) 
lemental analyses 
cale, 
found 
cale, 
found 
cale, 
found 
cale, 
found 
cale, 
found 
С 63.16 Η 4.24 Ν 7.37 
63.0 4.25 7.3 
С 64.96 Η 4.36 Ν 3.79 
65.2 4.3 3.8 
С 71.63 Η 5.11 Ν 4.18 
71.4 5.1 4.1 
С 69.03 Η 5.24 Ν 3.83 
68.9 5.2 3.8 
С 72.71 Η 5.82 Ν 3.85 
72.5 5.8 3.9 
σ\ 
νο 
TABLE 5 3-ALKOXY-5-CYANO-OÍ-PYRONES (14) ACCORDING TO SCHEME 5 (R^ =C,-H,-) 
R1 
CH, 3 
CH, 
CH, 3 
CH, 
с2н5 
R2 
02Ν^Ο-
сіЧ> 
o-
н3соО 
€У 
yield 
97% 
98% 
90% 
50% 
92% 
m.p. 
228° 
152° 
153° 
194° 
124° 
mass-spectrum 
348 (M) 
333 (м-сн3) 
317 (M-OCH,) 
339/337 (M) 
324/322 (M-CH,) 
308/306 (M-OCH,) 
303 (M) 
288 (M-CH,) 
272 (M-OCH,) 
333 (M) 
318 (M-CH3) 
302 (M-OCH,) 
317 (M) 
288 (M-C2H5) 
272 (M-0C2H5) 
IR (КВг) 
/(cm" 1) 
2229 C=N 
1732 C=0 
1606 C=C-0 
2232 C=N 
1731 C=0 
1611 C=C-0 
2225 CSN 
1735 C=0 
1611 C=C-0 
2220 ΟΞΝ 
1732 C=0 
1609 C=C-0 
2230 C=N 
1726 C=0 
1610 C=C-0 
UV (CHC1,) 
295 
300 
301 
294 
303 
elemental analyses 
C19H12N2°5 c a l c · C 6 5 · 5 2 H 3.47 N 8.04 
(348.31) found 65.7 3.45 8.1 
C 1 gH 1 2ClN0 5 cale. С 67-57 Η 3.58 Ν 4.15 
(337.76) found 67.2 3.6 4.2 
C 1 gH 1 3 NO^ calc. С 75.24 Η 4.32 Ν 4.62 
(303.32) ' found 75.1 4.36 4.7 
C20 H15 N 04 c a l c · c 72.06 Η 4.54 Ν 4.20 
(333.34) found 71.9 4.5 4.2 
C 2 0H 1 5N0 3 calc. С 75.70 Η 4.76 Ν 4.41 
(317.34) found 75.7 4.85 4.4 
о 
TABLE 6 2,2,3-TRIALK0XY-5-CYAN0-2H-PYRANS (15) ACCORDING TO SCHEME 6 
R1 
CH, 
CH, 
CH, 
CH, 
с2Нз 
R2 
ci-Q-
0-
H3co-Q>-
Q 
<Q^ 
yield 
73% 
92% 
90% 
90% 
75% 
m.p. 
96° 
102° 
152° 
95° 
oil 
mass-spectrum 
385/383 (M) 
370/368 (M-CH3) 
354/352 (M-OCH,) 
349 (M) 
334 (M-CH3) 
318 (M-OCH,) 
379 (M) 
364 (M-CH3) 
348 (M-0CH3) 
339 (M) 
324 (M-CH3) 
308 (M-0CH3) 
391 (M) 
362 (M-C2H5) 
346 (M-0C2H5) 
IR (KBr) 
/(cm"1) 
2218 С=П 
1639 C=C-0 
2210 CEN 
1636 C=C-0 
2210 C=N 
1639 C=C-0 
2210 C=N 
1638 C=C-0 
2215 C=N 
1635 C=C-0 
*? 
332 
332 
336 
331 
342 
elemental analyses 
C 2 1H 1 8C1N0 4 cale. С 65.71 H 4.73 Ν 3.65 
(383.83) found 65.9 4.8 3.7 
C 2 1H i gN0 4 cale. С 72.19 Η 5.48 Ν 4.01 
(349.39) found 72.4 5.6 3.9 
C22 H21 N 05 c a l c · c 69.65 Η 5.58 N 3.69 
(379.41) found 69.3 5.5 3.6 
C i gH 1 ?N0 5 cale. С 67.25 Η 5.05 Ν 4.13 
(339.35) found 67,6 5.1 4.1 
reaction 
conditions 
temp./time 
25°/8 hrs 
reflux/3 hrs 
reflux/8 hrs 
reflux/3 hrs 
reflux/3 hrs 
eUV (НСС13)Л (nm) 
72 
CHAPTER Vili 
1,· THERMAL [2+2J CYCLOADDITIONS WITH 1-CYANOBUTADIENES 
Acyclic 1-cyanobutadienes having a second electron-
withdrawing substituent (5) behave similarly towards te-
traalkoxyethenes (1) as equally substituted simple ole-
fins (2). The normal product is a cyclobutane derivative 
(6),not a [4+2J cycloaddition product (7). The large cor-
respondence in reactivity of (5) and (2) towards (1) is 
further elicited by the qualitative and quantitative sim-
ilarity of substituent influences on the cycloadditions. 
A possible explanation is given. 
2 3 In previous publications ' it has been shown 
that tetraalkoxyethenes (1) can be used well in cyclo-
additions with electron-poor olefins under thermal con-
ditions. The resulting cyclobutane derivatives (3) can 
be applied in the preparation of several other types of 
4 
compounds such as acetáis of o(-ketoesters , tetraalkoxy-
73 
cyclobutenes , and cyclobutene-1,2-diones . For the 
performance of such cycloadditions, under circum­
stances so mild that the tetraalkoxyethene does not decom­
pose, the electrophilic partner (2) has to contain a 
cyano group and a second electron-withdrawing substi­
tuent (X = CN, S02C6H5, COOR, C0NH2) at one of the ole-
finic carbon atoms. However, when X is an acyl residue, 
the tetraalkoxyethene adds to the et,β-unsaturated car-
bonyl moiety, yielding a tetraalkoxydihydropyran (4) 
via |JH-2~] cycloaddition ' 3 (Scheme 1). 
H X 
X = CN,SOCH ,CQ*)R 
1
 2 6 5' ^ 
R10 О R1 
C = C 
R V "OR1 
(1) 
Scheme 1 
RO^I , f^DR1 
OR OR 
(4) 
In connection with these results we have now in­
vestigated the behaviour of tetraalkoxyethenes towards 
butadienes.Preliminary experiments had revealed that 
two electron-withdrawing substituents (CN and X) had also 
to be present in the diene (5) for sufficient reactivity. 
Ik 
A priori two types of cyclisations seem now to be 
possible: formation of a cyclobutane derivative (6), 
corresponding with the product (3), obtained with 
simple electron-poor olefins, or a [4+2J cycloaddition, 
RO О R1 
C = C 4-
RO OR 
\ 
(1) 
c=c—c=c. 
(5) 
Scheme 2 
leading to a six-membered ring compound (7) (Scheme 2). 
The latter reaction, which corresponds to a Diels-
7_q 
Alder reaction with inverse electron-demand , has 
been observed previously for other electron-rich olefins 
1 П 1 1 1 ? 1^1R 
such as enolethers , ketene acetáis ' and enamines . 
The [_4+2j cycloadducts, obtained with enolethers and ketene-
acetals, were derived however, from diene systems in-
corporated in an aromatic molecule (isoquinolinium salts 
and 4a-azoniaanthracenes, respectively) which are very un-
suitable to give L.2+2J cycloaddition products. Reported 
L.4+2J cycloadditions of enamines are described generally 
as two step reactions, and in one case the isolation of 
1 fi 
the supposed, dipolar intermediate has been claimed 
75 
Our experiments with several acyclic, electron-poor 
dlenes (5) revealed that their normal cycloadducts with 
tetraalkoxyethenes are cyclobutane derivatives (6). In 
most cases І2+2J cycloaddition products could be iso­
lated in high yield (70-9590. Only the compounds (5) with 
R2 = CH,, X = CN and R2 = CgH^ X = S02C6H5 gave a mix­
ture of products, which could not be separated well. The 
vinylcyclobutane structure of the products is apparent from 
their spectroscopic data (Tables 1 and 2) and chemical 
properties, which are quite similar to those of (3). 
Heating of (6), in a mixture of dioxan and water, under 
4 
reflux with hydrogen chloride as the catalyst gave 
acetáis of Ы-ketoesters (8) (Table 3). Treatment of 
(6) (R1 = CH , R2 = CgH5, X = CN) with potassium tert-
butoxide in 1,2 -dimethoxyethane gave the 3,3,4,4 -tetra-
methoxy-1-cyano-2-styrylcycloDutene (9). Dissolution of 
(9) in concentrated sulphuric acid at room temperature 
caused hydrolysis of both acetal functions, yielding 3-
cyano-4-styrylcyclobutene -1,2-dione (Scheme 3). Benz-
aldehyde could be detected in the reaction mixture after 
ozonolysis of (6) and a subsequent reductive work-up 
procedure. 
< I 
./ ;c=c-
R10-
H C I / H 2 0 /dioxan^ 
H X 
-CN 
OR OR 
-OR' R^ , 
/ C = C v 
( 6 ) t . B u O ^ v . 
( X = C N ) ^ 
RO-
R = C 6 H s 
X C H ( C N ) - C H - C ( O R ' ) - C O O R ' 
R C = C H 
H
 ( 8 ) 
,C N С = C 
-OR 
ÓR ÓR 
(9) 
W 
s—ν 
σ
 Ν
ο 
(10) 
Scheme 3 
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The great similarity in the reactivity of olefins 
(2) and dienes (5) towards tetraalkoxyethenes is also 
2 
obvious from the influence of variations in R and X 
on the cycloadditions. In general they become slower 
as R becomes bulkier, or more electron-donating (Table 1 ) , 
whereas variations in X lead to a decrease in the reac­
tion rate in the order X = CN«S0
o
C
c
H
c
 > COOR > CONH-
2 о 5 г- -ι 2 
(Table 2). It is probable, therefore, that the [2+2J -
cycloadductsarise via a polar mechanism. Dienes (5) 
having X = R^CO once again yielded tetraalkoxydihydro-
pyrans (4), now containing a vinyl substituent (R CH = CH-) 
at Ck (Table 4). 
The very high regiospecificity in the cycloaddi­
tions of dienes (5) to tetraalkoxyethenes, apparent 
from the absence of the thermodynamically more stable 
4+2 cycloadducts in the reaction products, may be 
ascribed to conformational and steric factors. True 
Diels-Alder reactions, proceeding via a concerted me­
chanism, are hampered when the parent diene has a pre­
ferred transoid conformation or when crowding occurs 
in the transition state due to a large number of substitu-
8 9 
ents in diene and dienophile . 
Both factors are unfavourable for the conversion of 
(1) and (5) into (7) via a concerted process: (5) is 
a trisubstituted diene having a large preference for 
the transoid conformation and (1) is a tetrasubstituted 
olefin. Non-concerted cycloadditions of (5) might pro­
ceed via dipolar intermediates (11) or (12). The forma­
tion of (11) is followed by a very fast ring-closure 
I 
:c=c-
\_ 
R'O- RO-
OR' 
ι 
< 
,Crr,CÍ 
θ X N 
ÒR 
(11) (12) 
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since the intermediate arises and remains in the U-
Λ £\ 1 Q 
form represented ~ . This is not the case with (12), 
in which the U-form is less stabilized by Coulomb in­
teraction and near approach of the terminal carbon atoms 
is hampered by the stiffened transoid conformation of 
the diene moiety. 
EXPERIMENTAL 
All products were characterised by their melting 
points, given without correction, by their mass-spectra, 
which show typical degradation patterns for all types of 
products, I.R. spectra, measured as KBr pellets and U.V. 
spectra measured in chloroform. 
Synthesis of the required 1-cyanobutadienes (5) 
R2CH=CH-CH=C(CN) (X) (Table 5) 
All butadienes used in the cycloaddition reactions were 
obtained by Knoevenagel condensations between an appro­
priate «<,ρ -unsaturated aldehyde and a suitable cyano-
methylene compound. The solvent, catalyst and reaction 
2 
time used varied depending on the nature of R and X. 
a R 2 = aryl, X = CN 
To a solution of 0.01 mol each of the components in al­
cohol· (25 ml), one drop of piperidine was added at room 
temperature. After standing overnight the precipitate 
was filtered and crystallized from alcohol. 
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R2 = С
б
Н 5, Χ = S02C6H5 
The same procedure was followed using piperidine/acetic 
acid (1:3) as the catalyst. 
R2 = CgH5, X = CONH2 
Cinnamaldehyde (0.01 mol) was dissolved in alcohol 
(10 ml), cyanoacetamide (0.01 mol) in water (10 ml). 
The solutions were mixed and treated as described 
under a. 
R2 = CH,, X = CN 
To a solution of crotonaldehyde (0.01 mol) and malodi-
nitrile (0.008 mol) in benzene (10 ml) one drop of di-
ethylamine was added. After 15 hrs at room temperature 
the solution was extracted with a dilute hydrochloric 
acid solution and water, dried over anhydrous calcium 
sulphate, filtered, and evaporated in vacuo. The residue 
was crystallized from petroleum ether (80-100 C). The 
yield (1596) is low as a consequence of considerable 
polymerisation. 
R2 = (CH..)2CH, X = CN 
A reaction mixture containing 4-methylpenten-2-al 
(0.01 mol), malodinitrile (0.01 mol), ammonium 
acetate (0.08 g), acetic acid (0.25 ml) and benzene 
(3 ml) was heated under reflux for 4 hrs. The solvents 
were evaporated in vacuo, and the residue subjected to 
ball-tube distillation at 125°/0.01 Torr. 
R2 = C 6H 5 > X = C00C2H5 or C0CgH5. 
These products were prepared according to procedures 
20 21 described in literature ' 
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1.1.2,2-Tetraalkoxv-3-cvano-4-vinylcvclobutanes (б) 
A tetraalkoxyethene (0.01 mol) was added to a solu­
tion of an 1-cyanobutadiene (5) (0.01 mol) in dry aceto­
ni trile (5 ml) at room temperature. The butadienes with 
X = COOCpH,- or CONHp were dissolved in a twofold excess 
of a tetraalkoxyethene without solvent. The reaction mix­
ture was heated at the temperature and for the time indi­
cated in Tables 1 and 2. After completion of the reaction 
the solvent and the excess of tetraalkoxyethene were eva­
porated in vacuo and the residue was crystallized from 
methanol. 
5.5,6.6-Tetraalkoxv-3-cvano-2-phenvl-4-styrvl-5.6-dihydro-
4H-pyrans (4) 
A mixture of 0.01 mol of 1-benzoyl-1-cyanobutadiene 
and 0.02 mol of a tetraalkoxyethene was heated at 100 С 
for one hour. The excess of tetraalkoxyethene was evaporated 
in vacuo. The residual oil was crystallized from methanol 
(ethanol for the ethoxy compound). 
Acetáis of ot-ketoesters (8) (Table 3) 
A solution of a cyclobutane (6) (3 mmol) in a mix-
ture of dioxan (35 ml), distilled water (35 ml), and 
concentrated hydrochloric acid (0.3 ml), was heated under 
reflux for 5 hours. The solvent was then evaporated in vacuo, 
and'the residue dissolved in ether. The ethereal solution 
80 
was washed with 10% sodium hydrogen carbonate solu-
tion, and the aqueous layer extracted twice wiüi ether. 
The combined ethereal extracts were washed three times 
with a saturated sodium chloride solution until neutral. 
After drying over anhydrous sodium sulphate and filtra-
tion the ether was evaporated in vacuo. The et-ketoester 
acetáis, obtained as oils, were not purified further, 
as ball-tube distillation at 125 /0.1 Torr caused de-
composition. 
3,3,4,4-Tetra methoxv-1-cvano-2-stvrylcyclobutene (9) 
Potassium t-butoxide (0.04 mol) was added to a 
solution of (6) in dry 1,2-dimethoxyethane (25 ml), 
and the mixture was stirred for 1 hour at room tempera-
ture. After completion of the reaction, the solvent was 
evaporated off in vacuo at room temperature. The mix-
ture was dissolved in water and extracted three times 
with ether. The combined ethereal extracts were washed 
three times with water and dried over anhydrous sodium 
sulphate. After filtration and evaporation of the solvent 
the remaining oil was purified by ball-tube distillation 
at 125°/0.1 Torr. Yield 80%. 
/max ( K B r ) 2 2 0 2 ( C a N ) 1 б 2 5 ( C = C ) 9 7 9 c m~ 1 ( C" H); 
\
m a v
 (HCC1,) 326 nm; m/e 301 (Μ)®, 286 (M-CH,)®and 270 
(M-0CH,)T 
З-Суапо-4-styrylcyclobutene-l,2-dione (10) 
Finely divided (9) (0.01 mol) was dissolved in 
81 
concentrated sulphuric acid (20 ml) with stirring. After 
one hour the mixture was poured on to crushed ice, and the 
cyclobutenedione was obtained as a yellow-brown precipitate. 
The mixture was extracted three times with chloroform, and 
the combined extracts were washed three times with sa­
turated sodium chloride solution until neutral. After 
drying over anhydrous sodium sulphate and filtration the 
solvent is evaporated in vacuo leaving (10) as a crystalline 
mass, which was not purified further. 
Yield 70tf, m.p. 97-99°C. y^ (KBr) 2210 (C=N) 1773 (C=0) 
1602 (C=C) 975 cm-1 (C-H). 
_1 
The strong carbonyl absorption near 1780 cm is characteris-
5 22 tic for carbonyl functions in four membered ring systems ' 
\
m a x
(HCCl 3) 364 nm; m/e 209 (M), 181 (M-CO) and 153 (M-2 χ CO), 
The investigation was carried out under the auspices of 
the Netherlands Foundation for Chemical Research (S.O.N.) 
with financial support from the Netherlands Organization 
for Advancement of Pure Research (Z.W.O.). 
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TABLE 1 1,1,2,2-TETRAALK0XY-3,3-DICYAN0-4-VINYLCYCL0BUTANES, ( 6 ) WITH Χ = CN 
ш 
1 -^ 
R ' = C H 3 
R2* 
**** 
CH, 
(H 30 2CH 
0 2 N ^ > 
ci-O-
o-
н
з
с _0-
reaction 
conditi ons 
temp./time 
25°C/24 hrs 
25°C/48 hrs 
70°C/ 2 hrs 
70°C/ 4 hrs 
70°C/ 5 hrs 
70°C/ 6 hrs 
yield 
70% 
70% 
95% 
86% 
88% 
85% 
m.p. 
oil 
oil 
153° 
99° 
105° 
114° 
mass-spectrum 
266 (M) 
251 (M-CH3) 
235 (М-0СН3) 
279 (М-СН3) 
263 (м-осн3) 
358 (М-СН3) 
342 (М-0СН3) 
333/331 
(м-осн3) 
313 (м-сн3) 
297 (М-0СН3) 
327 (М-СН3) 
311 (М-ОСН,) 
*# 
IR (КВг) 
/(спГ1) 
2240 С=П 
980 С-Н 
2240 CSN 
1604 С=С 
978 С-Н 
2240 C2N 
1592 С=С 
982 С-Н 
2243 C=N 
1600 С=С 
978 С-Н 
2243 C=N 
1605 с=с 
980 С-Н 
Φ 
309 
(18.300) 
265 
259 
(20.700) 
266 
elemental analyses 
C18H19N3°6 с а 1 с · С 5 7 · 9 1 Н 5 · 1 3 N 1 1 · 2 5 
(373.37) found 57.9 5.1 11.2 
C 1 8H i gClN 20 4 cale. С 59.59 H 5.28 Ν 7.72 
(362.81) found 60.0 5.3 7.8 
C18H20N2°4 c a l c · c 65.84 Η 6.14 N 8.53 
(328.37) found 65.8 6.2 8.7 
C19H22N2°4 c a l c · c 66.65 Η 6.48 N 8.18 
(342.40) found 66.3 6.5 8.1 
TABLE 1 CONTINUED 
R' « CH3 
н3со-0-
Ό-
70°С/ 7 hrs 
70°С/ 6 hrs 
8096 
85% 
121° 
125° 
358 (M) 
343 (М-СН3) 
327 (М-ОСН,) 
зоз (м-сн3) 
287 (М-ОСН3) 
2245 C=N 
1610 С=С 
973 С-Н 
2242 C^N 
1659 С=С-0 
967 С-Н 
274 
(23.800) 
279 
C19 H22 N2°5 с а 1 с ' С 6 3 * б H 6.19 N 7.82 
(358.39) found 63.6 6.2 7.8 
C16 H18 N2°5 с а 1 с · с 6 ο·37 Η 5.70 Ν 8.80 
(318.33) found 60.0 5.7 8.8 
OD 
UI 
TABLE 1 CONTINUED 
R' = C 2H 5 
(н 30 2сн 
O 2N-QH 
о-
н3со-0-
25°С/48 hrs 
70°С/ 2 hrs 
70°С/ 5 hrs 
70°С/ 7 hrs 
70% 
во% 
76% 
78% 
oil 
127° 
90° 
96° 
321 (М-С2Н5) 
305 (М-ОС2Н5) 
429 (М) 
400 (М-С2Н5) 
384 (М-0С2Н5) 
355 (М-С2Н5) 
339 (м-ос2н5) 
414 (М) 
385 (М-С2Н5) 
369 (М-0С2Н5) 
2240 0ΞΝ 
980 С-Н 
2240 0ΞΝ 
1600 С=С 
979 С-Н 
2239 CSN 
1600 С=С 
970 С-Н 
2240 C=N 
1606 С=С 
971 С-Н 
ЗЮ 
260 
(20.400) 
271 
C22H27N3°6 с а 1 с * С 61·53 Η 6.34 Ν 9.78 
(429.47) found 61.3 6.3 9.7 
C22H28N2°4 c a l c · C 6θ·73 Η 7.34 Ν 7.29 
(384.48) found 6Θ.3 7.4 7.3 
C23H30N2°5^ с а 1 с ' C 6 6· 65 Η 7.30 Ν 6.76 
(414.50) found 66.7 7.3 6.8 
if UV (СНС1,)*Ч (nm) (ε) 
« The NMR spectra, measured in CS 2 for compounds with R = СЛЦ show coupling constants J.R =16 cps and 
JBX = 9 C P S f o r t n e A B X system H,-C6-Ç=C-j— 
-1 
*+ The C-Η out-of-plane deformation lies in the range 960-990 cm" , characteristic for trans -C=C- protons. 
H 
*** The values for X
m
 and ε are as expected for a styrene moiety. 
***+Not isolated in pure form. 
00 
TABLE 2 1,1,2,2-TETRAALK0XY-3-CYANO-4-STYRYLCYCL0BUTANE3, (6) WITH R2 = CfiH, 
> / 
R1 
CH-
CH, 
CH, 
с 2н 5 
* 
X 
SO 2C 6H 5 
соос2н5 
C0NH2 
**** 
SO 2 C 6 H 5 
reaction 
conditions 
temp./time 
70°C/ 5 hrs 
100°C/15 hrs 
100°C/30 hrs 
70°C/ 5 hrs 
yield 
75% 
82% 
50% 
80% 
m.p. 
101° 
183° 
raase-spectrum 
443 (M) 
428 (M-CH,) 
412 (M-OCH,) 
302 (M-S02C6H5) 
360 (M-CH,) 
344 (M-OCH,) 
346 (M) 
331 (м-сн3) 
315 (м-осн^) 
470 (M-C2H5) 
454 (M-0C2H5) 
358 (M-S02CgH5) 
IR (KBrf* 
/(cm" ) 
2240 C=N 
1733 C=0 
1595 C=C 
971 C-H 
2240 CEt; 
1685 C=C 
1615 c=c 
985 C-H 
UV (CHCL,*** 
Лтах (nm)(e! 
257 (24.300) 
257 (22.500) 
elemental analyses 
C20 H25 N 06 c a ] c · c 63.99 H 6.71 N 3.73 
(375.42) found 64.0 6.8 3.7 
C18 H22 N2 (5 c a l c· 62.42 H 6.40 :i 3.09 
(346.38) found 62.3 6.4 Э.1 
CD 
TABLE 2 CONTINUED 
c 2n 5 COOC 2II 5 100°C/15 hrs βο% oil 402 (1'І-и21Ц) 
заб (м-ос2н5) 
2240 СЕМ 
1748 С=0 
1614 С=С 
970 С-Н 
258 C24H33N06 с а 1 с* С 6 6 · Θ Ο н 7.71 N 3.25 
(431.53) found 67.5 7.7 3.3 
For asterisks » see Table 1. 
TABLE 3 ACETALS OF ol-KETOESTERS (8), XCH(CN)-CH(CH=CH-R2)-C(0R1)2-C00R
1 
R1 | R 2 
t . 
CH, 3 
CH, 
CH, 
CH, 
C2 H5 
с 2н 5 
° 2 ^ 
н 3со-0-
o-
©-
Qr 
X 
CN 
yield 
88% 
CN ¡ 90% 
CN 85% 
соос2н5 
CN 
C00C
o
H
c 2 5 
75% 
85% 
80% 
mass-spectrum 
359 {Л) 
328 (М-ОСН,) 
300 (М-СООСН,) 
314 (M) 
283 (М-ОСН,) 
255 (М-СООСН,) 
344 (М) 
313 (м-осн3) 
285 (М-СООСН,) 
361 (М) 
330 (М-ОСН,) 
302 (М-С0ОСН3) 
311 (м-ос2н5) 
283 (М-С00С2Н5) 
358 (М-ОС2Н3) 
ззо (м-соос2н5) 
IR (KBr) 
VW1) 
2220 C^N 
1750 C=0 
1598 C=C 
2222 CeN 
1757 C=0 
1606 C=C 
2222 GEN 
1750 C=0 
1605 C=C 
2220 C=N 
1777 C=0 
1743 C=0 
2222 C=N 
1750 C=0 
1609 c=c 
2220 C=N 
1773 C=0 
1740 C=0 
. _ 
UV (CHClj) 
Xmax (nm) 
300 
255 
269 
252 
249 
250 
* All compounds were obtained as oils, which were not further purified. 
TABLE 4 5,5,6,6-TETRAALK0XY-3-CYAN0-2-PHENYL-4-STYRYL-5,6-DIHYDR0-4H-PYRANS (4) WITH R2=C£HCCH=CH-. 
R3 = C6H5 
R1 
сн3 
с 2н 5 
yield 
90% 
85% 
m.p. 
126° 
106° 
mass-spectrum 
407 (M) 
392 (M-CH3) 
376 (M-OCH,) 
463 (M) 
434 (M-C2H5) 
418 (M-OC2H5) 
IR (KBr) 
/(cm - 1) 
2205 ΟΞΝ 
1622 C=C-0 
977 C-H 
2208 C=N 
1628 C=C-0 
973 C-H. 
UV (CHC1,) 
Amax (nm) 
274 
273 
elemental analyses 
C24 H25 N 05 c a l c* C 70·75 Η 6.18 N 3.44 
(407.47) . found 70.7 6.3 3.4 
C28 H33 N 05 c a l c ' C 7 2 · 5 5 H 7 · 1 8 N 3.02 
(463.57) found 72.5 7.2 3.0 
TABLE 5 1-CYANOBUTADIENES (5) BY KNOEVENAGEL CONDENSATION OF «,ß-UNSATURATED ALDEHYDES AND SUBSTITUTED 
ACETONITRILES 
R2 
CH,-
(н302сн-
O 2 N ^ > 
ci^Qb 
& 
H3CHQ^ 
X 
CN 
CN** 
CN 
CN 
*** 
CN 
CN 
yield 
15% 
65% 
75% 
76% 
80% 
75% 
m.p. 
52° 
oil 
184° 
201° 
130° 
135° 
mass-spectrum 
118 (M) 
91 (M-HCN) 
146 (M) 
131 (M-CH,) 
104 (M-CH,-HCN) 
225 (M) 
179 (M-N02) 
152 (M-N02-HCN) 
216/214 (M) 
189/187 (M-HCN) 
180 (M) 
153 (M-HCN) 
194 (M) 
167 (M-HCN) 
IR (КВг)* 
yW1) 
2220 ΟΞΝ 
1634 C=C 
992 C-H 
2220 C=N 
1640 C=C 
980 C-H 
2220 CHN 
1612 C=C 
982 C-H 
2220 C=N 
1609 C=C 
982 C-H 
2220 C=N 
1609 C=C 
978 C-H 
2220 C=N 
1599 C=C 
986 C-H 
# 
286 
288 
349 
360 
355 
370 
elemental analyses 
C7HgN2 cale. С 71.17 H 5.12 M 23.71 
(118.14) found 70.0 5.1 23.3 
C 1 2H ?N 30 2 cale. С 64.00 H 3.13 Ν ''8.66 
(225.21) found 64.1 3.1 16.6 
C 1 2H ?C1N 2 cale. С 67.15 Η 3.29 Ν 13.05 
(214.66) found 67.3 3.3 13.1 
C12 H8 N2 cale. С 79.98 Η 4.47 Ν 15.55 
(180.21) found 79.8 4.5 15.6 
C 1 3H 1 0N 2 cale. С 80.39 Η 5.19 Ν 14.42 
(194.24) found 80.4 5.1 14.4 
VO 
TABLE 5 CONTINUED 
н3со-0-
g-
<o^  
o -
CN 
CN 
SO 2-C 6H 5 
C0NH2 
85% 
80% 
93% 
65% 
161° 
105° 
146° 
153° 
210 
183 
170 
143 
295 
153 
198 
182 
171 
(M) 
(M-HCN) 
(M) 
(M-HCN) 
(M) 
(M-HSO 2C 6H 5) 
(M) 
(M-NH2) 
(M-HCN) 
2220 C=N 
1597 C=C 
986 C-H 
2220 C=N 
1604 C=C 
978 C-H 
2218 C=N 
1611 C=C 
980 C-H 
2210 C=N 
1680 C=0 
1602 C=C 
978 C-H 
396 
389 
349 
345 
C13H10N2° 
(210.24) 
C 1 0H 6N 20 
(170.17) 
C 1 ?H 1 3N0 2S 
(295.36) 
C 1 2H 1 0N 20 
(198.23) 
cale. С 74.27 
found 74.2 
cale. С 70.58 
found 70.6 
cale. С 69.13 
found 69.0 
cale. С 72.71 
found 73.1 
H 4.79 H 13.33 
4.7 13.4 
H 3.55 N 16.46 
3.6 16.4 
H 4.44 N 4.74 
4.4 4.7 
H 5.09 N 14.13 
5.0 14.2 
* UV ( C H C l , ) \
m f n r (nm) 
• The values of the C^N absorptions point to conjugation of the nitrile groups. 
•• Purified by ball-tube distillation at 100°C/0.1 torr. 
•••This compound has previously been synthesized with sodium ethoxide as the catalyst2·'; m.p. 128°C. 
••••Formerly obtained with sodium hydroxide as the catalyst ; m.p. 148°C. 
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CHAPTER IX 
THERMAL CYCLOADDITIONS WITH CARBONYL COMPOUNDS 
1,* 
Heating tetraalkoxyethenes with o(-ketonitriles leads 
to cycloaddition products, viz. 2,2,3,3-tetraalkoxy-4-
cyano-oxetanes (16),which can be converted into 1,1-dial-
koxy-2-cyano-2-hydroxycarboxylic esters (17) by acetoly-
sis and subsequently into d,«(-dialkoxy-et-acylacetates 
(18) by treatment with sodium hydroxide solution. 
In contrast with the photochemical formation of 
oxetanes from olefins and carbonyl compounds, often re­
ferred to as the Buchi-Paterno reaction , thermal I2 тг + 
2 "TTj cycloadditions between these compounds have relati­
vely seldom been observed. 
Simple olefins, having allylic hydrogen, generally yield 
products of the "ene" reaction (Scheme 1) when heated 
with carbonyl compounds . Incidentally cycloaddition prod­
ucts, viz. oxetanes (Scheme 2) have been isolated when 
strongly electrophilic car*onyl compounds like carbonyl-
dicyanide and perfluorocyclobutanone were used. 
Ì + « 
\ 
* II 
с,— 
^с^ \ 
/ \ 
с о 
Il + Il -
Scheme 1 Scheme 2 
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Various types of products have been obtained from 
electron-rich ethenes and carbonyl compounds, depending 
on the structure of the reagents. Enamines (1) possessing 
a ρ-hydrogen atom (Scheme 3 : R and/or R = H) gave com­
pounds (3), analogous to the so-called Stork products, 
7 
which arise on reaction with electron-poor olefins .8-
Alkylated enamines, e.g. 1-morpholino-2,2-dlmethylethene, 
yield 1:2 adducts (5) on reaction with chloral, whereas 
with formaldehyde the presumed dipolar intermediates (2) 
rearrange into ^-aminoaldehydes (4). 
(1) 
NR„ 
'V 
Y 
-ΟΘ 
(2) 
2 R N R O H 
Rand/or / \ ¿ _ ¿ _ x . 
R = H
 RV l2 
(3) 
R —C—C— C = 0 
H '2 I 
 R H 
(4) 
X = X = H 
NR 2 
(5) 
CCI 
Scheme 3 
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In the reaction between the symmetrically substi-
tuted and extremely nucleophilic tetraaminoethene, bis-
(1,3-diphenyl-imidazolidinylidene-2) (6), and aromatic 
aldehydes, the zwitterionic intermediate (7) splits off 
a carbene, giving 1,3-diphenyl-2-acylimidazolidine (8) 
9 10 11 
as the end-product^' ' . As a consequence of the high 
basicity of (6) other carbonyl compounds, e.g. acetophe-
10 
none, give products (9) via «-carbanions (Scheme 4). 
(7) 
CJic ÇH 
(6) C H C O C H 
+ 
I с
с
н,с H O Τ 
Сб
Н5 
\ 
c=c—с—си 
Η Η у
 6 5 
ΜΗ о 
C 6 H 5 (9) 
Scheme 4 
In a reaction between 1,1-dimethoxyethene (10) and 
a carbonyl compound the existence of an oxetane (11) in 
12 
the solution has recently been demonstrated . In gene­
ral, working up of the reaction mixture leads to elimi­
nation of an alcohol, providing, however, an«,ρ-unsatura-
96 
ted ester (13) ас the end-product 5 (Scheie 5). 
(10) 
H>=<°" 
н' OR 
+ 
OR 
-OR 
OR 
'\ jC=C—С OOR 
(11) (12) (13) 
Scheme 5 
In view of these results and as a continuation of 
our studies on cycloadditions of electron-rich tetraalkoxy-
ethenes (14) with electron-poor olefins , we investigat­
ed the reactivity of these tetrasubstituted keteneacetals 
with electron-deficient carbonyl compounds. It was appar­
ent that [_ 2 + 2 J cycloaddition products, viz. 2,2,3,3-
tetraalkoxy-4-cyanooxetanes (16), could be isolated in 
good yields on heating a tetraalkoxyethene (14) with an ы-
ketonitrile (15), neat or in acetonitrile solution (Scheme 6). 
R10 О R1 
R V NOR1 
+ 
> 
NC 
(15) 
OR 
RO-
CN 
OR 
Θ 
.1 
Ч 
OR1 OR1 
R'O-
CN 
-OR 
(16) 
Scheme 6 
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The results, presented in Table 1, show that the 
reaction velocity strongly depends on the nature of the 
carbonyl compound. With (15), R = p-NOp-CgH,-, the re­
action proceeds smoothly at room temperature; with (15), 
2 
R =p-CH,-CgH.-, prolonged heating is necessary to com­
plete the reaction; with (15), R = p-CH,0-CgH.-, the 
reaction is too slow for practical usage. Acetylcyanide 
(15:R = CH-) and chloral gave no oxetanes on reaction 
with (14); the actual reaction products were not identi­
fied in these cases, β,β-Unsaturated«t-ketonitriles gave 
( 4 + 2 ) cycloaddition products with tetraalkoxyethenes. 
Therefore, cinnamoylcyanide delivered 5,5,6,6-tetraalkoxy-
2-cyano-4-phenyl-5,6-dihydro-y-pyranes (Table 2).An ana­
logous formation of six-membered ring compounds was previ-
7 ΊΑ 
ously found withJ-acyl-f-cyanostyrenes ' 
The tetraalkoxycyanooxetanes (16) are equally as 
stable toward bases as acylic and strainless orthoesters. 
No trace of any decomposition product could be detected, 
on heating under reflux in piperidine or NaOMe in 1,2-
dimethoxyethane. 
Acetolysis in glacial acetic acid under reflux for one 
hour leads to the cyanohydrins of «<,*-dlalkoxy-{>-ketoacid 
esters (17) (Table 3), which eliminate hydrogen cyanide 
on treatment with aqueous sodium hydroxide solution (Sche­
me 7, Table 4). From (16) with R = p-CH,-CgH,- the cyano-
hydrin could not be isolated due to loss of HCN occurring 
spontaneously during the acetolysis. 
OR1 OR1 
RV 
CN 
(16) 
-OR 
glacial 
acetic' 
acid 
R10-
O R
 OR1 
CN 
4° 
OR CHCOO 
3 
-OH 
OH OR 
-* R—С—С —С 
i l i 
CN OR 
(17) 
(17) 
О OR 
NaOH г Π 7
 л
 , 
-HCN » R-C-è-COOR 1 
Scheme 7 
(18) 
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Hydrolysis of (16) also takes place under reflux 
for one hour In dioxan/water. In this case a mixture of 
the products (17) and (18) was obtained. Efforts to syn­
thesize tetraalkoxycyanoazetidlnes in an analogous manner 
from tetraalkoxyethenes and cyanoimines, R - C(CN) = NR , 
were unsuccessful. 
The reactivity was apparently too low to yield the desir­
ed products. 
EXPERIMENTAL 
All products were characterised by their melting 
points, given without correction, by their mass-spectra, 
which show characteristic degradation patterns for all 
types of products, and from I.R. data, measured as KBr 
pellets. 
Synthesis of the d-ketonitriles used 
Compounds which were not commercially available 
were prepared according procedures described in the li­
terature15'16'17. 
2.2.5,3-Tetraalkoxv-4-cvanooxetanes (16) from tetraalkoxy­
ethenes and ct-ketonitriles (Table 1 ) 
A mixture of 0.01 mol of an «-ketonitrile and 0.02 
mol of a tetraalkoxyethene was heated at 100 С for the 
99 
time indicated in Table 1. With p-nitrobenzoylcyanide 
only 0.015 mol of the tetraalkoxyethene was used and the 
reaction was performed at room temperature, using dry 
acetonitrile (5 ml) as the solvent. After completion of 
the reaction the excess of tetraalkoxyethene and the sol­
vent were evaporated in vacuo and the residual oil was 
crystallized usually from carbon tetrachloride. The oily 
product (17) (R1 = C 2
H5' R2 = р-СН,-С6Н^) was purified 
by ball-tube distillation at 100°C/0.1 torr. 
5.5,6.6-Tetraalkoxv-2-cyano-4-phenvl-5.6-dihvdro-y-pyranes 
from tetraalkoxvethenes and cinnamoylcyanide (Table 2) 
The same procedure was followed as in the above de­
scribed preparation of oxetanes. 
1,1-DialkoXY-2-cvano-2-hydroxvpropionic esters (17) from 
2.2,3.3-tetraalkoxy-4-cyanooxetanes (16) (Table 3) 
A solution of 0.01 mol of a tetraalkoxycyanooxetane 
in 25 ml of glacial acetic acid was heated under reflux 
for one hour. After evaporation of the solvent in vacuo 
the residual oil was crystallized from a mixture of car­
bon tetrachloride and ligroin. 
In the acetolysis of (16) with R = p-tolyl the 
cyanohydrin (17) could not be isolated as it looses HCN 
spontaneously leaving d,«i-dialkoxy-e<-(p-meth.ylbenzoyl) 
acetic ester (1Θ) (see Table 4). 
100 
d.ct-Dlalkoxy-Bi-arovlacetic. esters (18) from 1 ,1-dialkoxy-
2-cvano-2-hydroxvpropionic esters (17) (Table 4) 
0.001 Mol of (17) was dissolved in 5 ml of ether and 
added to 5 ml of 1 molar aqueous sodium hydroxide solu-
tion. The layers were separated after stirring for one 
hour at room temperature and the aqueous layer was extrac-
ted twice with ether. The combined ethereal extracts were 
extracted with saturated sodium chloride solution until 
neutral, dried over anhydrous sodium sulphate and filter-
ed. After evaporation of the solvent in vacuo thee*,«t-dial-
koxy-«-aroylacetic esters were obtained as oily products. 
The compounds which solidified on standing were recrys-
tallized from methanol. 
The investigation was carried out under the auspices 
of the Netherlands Foundation for Chemical Research (S.O.N.) 
with financial support from the Netherlands Organization 
for Advancement of Pure Research (Z.W.O.) 
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TABLE 1 2,2,3,3-TETRAAT„K0XY-4-CYAN00XETANES (16) FROM TETRAALKOXYETHENES AND «-KETONITRILES. 
R1 = CH 
R 2 
0 24> 
ei-©-
0 
H3CO 
yield 
40% 
85% 
90% 
75% 
m.p. 
141° 
117° 
50° 
77° 
mass-spectrum 
309 -(M-CH3) 
293 (M-OCH,) 
234 (м-со(осн3)2) 
284/282 (M-OCH,) 
223/221 (M-(CO(OCH3)2) 
248 (M-OCH,) 
189 (M-CO(OCH3)2) 
262 (M-OCH3) 
203 (M-C0(0CH3)2) 
IR (КВг) 
/(cm"1) 
2240 C=N 
984* 
948 
2238 C=N 
991* 
955 
2240 C=N 
990* 
958 
2238 ΟΞΝ 
992* 
955 
elemental analyses 
C 1 4H 1 6N 20 ? cale. С 51.85 H 4.97 Ν 8.64 
(324.29) found 51.3 Α.8 8.6 
C 1 4H 1 6C1N0 5 cale. С 53.60 Η 5.14 Ν 4.46 
(313.74) found 53.6 5.2 4.35 
C/H^NO,- cale. С 60.21 Η 6.14 Ν 5.02 
(279.29) found 60.2 6.2 4.9 
C^H^NO- cale. С 61.43 Η 6.53 Ν 4.78 
15 19 5 , „ 
(293.32) found 61.2 6.6 4.7 
reaction condi­
tions temp./time 
25°C/ 1 hr 
100°C/ 10 hra 
100°C/ 30 hre 
100°C/200 hrs 
I 
I 
TABLE 1 CONTINUED 
R1 = C2H, 
ci-O-
o-
H 3 C - ^ 
82% 
80% 
70% 
62° 
54° 
oil 
371/369 (M) 
326/324 (M-0C2H5) 
253/251 (M-C0(0C2H5)2) 
335 (M) 
290 (M-0C2H5) 
217 (M-C0(0C2H5)2) 
304 (M-0C2H5) 
231 (M-C0(0C2H5)2) 
2235 C=N 
997* 
957 
2237 CHN 
991* 
960 
2238 0ΞΝ 
995* 
957 
C18 H24 C 1 N 05 c a l c* C 5 8 · 4 6 H 6 · 5 4 N 3 · 7 9 
(369.85) found 58.7 6.4 3.75 
C18 H25 N 05 c a l c · c 64.46 H 7.51 N 4.18 
(335.40) found 64.9 7.5 4.2 
100°C/ 15 hrs 
100°C/ 40 hrs 
100°C/250 hrs 
* In literature * C-0 stretch vibrations for oxetanes are reported at about 980 cm 
о 
UJ 
TABLE 2 5,5,6,6-TETRAALK0XY-2-CYAN0-4-PHENYL-5,6-DIHYDRO-Y-PYRANES, 
FROM TETRAALKOXYETHENES AND CINNAMOYLCYANIDE 
R1 
CH, 
с 2н 5 
yield 
82# 
9096 
m.p. 
95° 
oil 
mass-spectrum 
305 (M) 
290 (M-CH,) 
274 (M-OCH,) 
361 (M) 
332 (M-CH3) 
316 (M-OCH,) 
IR (КВг) 
V(cm" 1) 
2230 C=N 
1650 C=C-0-
2230 CHN 
1655 C=C-0-
elemental analyses 
C l 6 H 1 g N 0 5 cale. С 62.94 H 6.27 Ν 4.59 
(305.33) found 63.2 6.3 4.6 
C20 H27 N 05 c a l c · C б б · ^ 6 H 7·53 Ν 3.Θ8 
(361.44) found 66.3 7.4 3.85 
reaction condi­
tions temp./time 
100°C/3 hrs 
100°C/3 hrs 
H CN 
OR1¿R1 
О 
4> 
TABLE 3 1f1-DIALK0XY-2-CYAN0-2-HYDR0XYPR0PI0NIC ESTERS (17) BY ACETOLYSIS OF 2,2,3,3-TETRAALK0XY-4-
CYANOOXETANES (16) 
R1 
сн. 
сн3 
C2 H5 
с 2н 5 
1 
R2 
ciO 
О 
ci О 
о 
yield 
92% 
90% 
88% 
87% 
m.p. 
76° 
64° 
77° 
59° 
mass-spectrum 
270/268 (M-OCH,) 
242/240 (М-СООСН,) 
215/213 (M-C00CH,-HCN) 
234 (М-ОСН,) 
206 (М-СООСН,) 
179 (M-C00CH,-HCN) 
298/296 (М-ОС2Н5) 
270/268 (М-С00С2Н5) 
243/241 (M-C00C2H5-HCN) 
262 (М-0С2Н5) 
234 (М-С00С2Н ) 
207 (M-C00C2H5-HCN) 
IR (КВг) 
/(cm"1) 
3450 ОН 
2239 CEN 
1745 С=0 
3468 ОН 
2237 C=N 
1750 С=0 
3378 ОН 
2232 C=N 
1736 С=0 
3410 ОН 
2232 C3Í 
1735 С=0 
elemental analyses 
C 1 3H 1 4C1N0 5 cale. С 52.10 Η 4.71 Ν 4.67 
(299.07 ) found 52.1 4.7 4.7 
C 1 3H 1 5N0 5 cale. С 58.86 Η 5.70 Л 5.28 
(265.27) found 58.8 5.8 5.25 
C16 H20 C 1 N 05 C a l c ' C 5 6· 23 Η 5.90 Ν 4.10 
(341.79) found 55.9 5.95 4.1 
C 1 6H 2 1N0 5 calc. С 62.53 Η 6.89 К 4.56 
(307.35) found 62.3 6.65 4.6 
о 
UI 
TABLE 4 ы.ы-DIALKOXY-et-AROYLACETIC ESTERS (18) FROM 1,1-DIALK0XY-2-CYAN0-2-HYDR0XYPR0PI0NIC ESTERS (17) 
R1 
CH, 
CH, 
CH, 
C2 H5 
с 2н 5 
R2 
CIHQK 
©-
Н3СНО^ 
CIHQH 
Q-
yield 
80% 
75% 
85% 
88% 
90% 
m.p. 
oil 
oil* 
η * * 
40° 
52° 
oil 
mass-í 
274/272 
243/241 
215/213 
238 
207 
179 
252 
221 
193 
271/269 
243/241 
280 
235 
207 
spectrum 
[M) 
;м-осн3) 
;м-соосн3) 
;м) 
[м-осн,) 
'м-соосн,) 
;м) 
;м-осн3) 
;м-соосн3) 
м-ос2н5) 
,м-соос2н5) 
м) 
;м-ос2н5) 
м-соос2н5) 
I.R. 
(спГ1) 
1755 С=0 
1700 С=0 
1761 С=0 
1701 С=0 
1760 С=0 
1702 С=0 
1758 С=0 
17Ю С=0 
1757 С=0 
17Ю С=0 
elemental analyses 
с 1 2н 1 3сіо 5 
(272.68) 
С12Н14°5 
(238.24) 
С13Н16°5 
(252.27) 
с 1 5 н 1 9 с ю 5 
(314.77) 
С15Н20°5 
(280.32) 
cale. С 52.86 H 4.81 
found 52.7 4.8 
cale. С 60.50 H 5.92 
found 60.0 5.9 
cale. С 61.90 H 6.39 
found 61.3 6.4 
cale. С 57.24 H 6.08 
found 57.0 6.0 
cale. С 64.27 H 7.19 
found 64.0 7.2 
* This compound has been synthesized previously by reaction of benzoylchloride with tetramethoxyethene . 
** This compound was directly obtained on. acetolysis of the parent oxetane (16). 
о 
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CHAPTER Χ 
INVESTIGATIONS INTO THE MECHANISM OF CYCLOADDITIONS 
BETWEEN TETRAALKOXYETHENES AND 1,1-DICYANOETHENES 
In cycloadditions of enolethers with electron-deficient 
olefins a dipolar intermediate could be trapped by various 
reagents ' . However, in the related formation of cyclo-
butanes from tetraalkoxyethenes and 1,1-dicyanoethenes 
trapping experiments did not demonstrate the occurrence 
of such a dipolar intermediate. The log к values of cyclo­
additions between tetramethoxyethene and a series of dicyano-
olefins, S - ^ — C H = C (CN)2, correlate better with rf
+
 than 
with g values, providing a p vaJue equal to 1.10. These 
data are more in accordance with a transition state like 
a charge-transfer complex between the reaction partners 
or like a pair of radical ions as reaction intermediates 
than with a transitionstate like a zwitterionic intermediate. 
Differences in the reactivity between tetraalkoxyethenes 
and other keteneacetals towards dicyanoethenes point in 
the same direction. 
In preceding chapters we described the synthetic 
applicability of tetraalkoxyethenes for the preparation 
of cyclobutane , cyclobutene , cyclobutene-1,2-dione^, 
*-pyrone , and oxetane' derivatives. In view of the clear 
relationship of these thermal cycloadditions of tetraalkoxy­
ethenes to those between other electron-rich ethenes 
(enamines , keteneacetals , enolethers ) and electron-poor 
olefins, we described the cycloadditions as proceeding 
through a zwitterionic intermediate, as is generally done 
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11-14 in literature , As a matter of fact, qualitative 
substituent effects in our cycloadditions agreed well with 
a strongly polar intermediate in the rate-determining step. 
Until now, the occurrence of a dipolar intermediate in thermal 
[2 + 2 cycloadditions has only been well established, for 
reactions of substituted styrènes ' 3' and enolethers ' 
with tetracyanoethylene. 
12 19 In these cases large solvent effects ' •*, activation 
21-23 parameters and the influence of substituents in the 
12 20 
electron-rich component ' point to the formation of a 
zwitterionic intermediate in the rate-determining step. 
Moreover, such an intermediate could recently be trapped 
with alcohol, acetone, benzaldehyde, Schiff bases and nitri-
14 24 les ' in cycloadditions with enolethers (Scheme 1). 
Scheme 1 
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For the corresponding cycloadditions of tetraalkoxy-
ethenes much less evidence is available for the occurrence 
of a dipolar intermediate. Certainly, the stereospecificity 
of the cycloaddition between tetramethoxyethene and cis 
25 
or trans 1,2-dicyanoethene J can be explained much better 
with a dipolar than with a biradical intermediate, when 
at least a two-step mechanism is accepted. Fixation of the 
dipolar ends by Coulomb attraction (Scheme 2) should prevent 
rotation in the intermediate. The stereospecificity might be 
explained equally well, however, by other reaction mechanisms. 
MeO OMe 
)с=с 
M e О О Ій e 
+ 
\
r
_
r
/ C N 
/ C = C \ 
MeO 
MeO-
CN 
OMe 
Θ 
OMe 
CN 
θ 
R 
MeO 
MeO OMe 
OMe 
CN 
-CN 
I rena 
R = Η. С F, 
Scheme 2 
trens 
The isolation of a 1:2 adduct in the related reaction 
of tetramethoxyethene with an acetylene dicarboxylic acid 
2 
ester is advanced as another argument for the occurrence 
of a dipolar intermediate. The mechanism given for the 
formation of the observed product does not explain, however, 
why it is formed only in ligroin but not in dioxan. 
Face to face with these arguments for an initially 
formed Zwitterion in cycloadditions with tetramethoxyethene 
stand unsuccesfull efforts to intercept such an intermediate 
with benzylidenemethylamine or isopropylidene malodinitrile ' 
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In fact several experimental data in our work have also 
raised doubts about the strict mechanistic conformity of 
reactions between either enolethers or tetraalkoxyethenes 
and electron-deficient olefins. These will be described 
and discussed in this chapter. 
I Trapping experiments 
In reactions of enolethers with tetracyanoethylene 
Huisgen could intercept a 1,4-dipolar intermediate by 
14 
addition of alcohol to the reaction mixture. In agreement 
with the principle of microscopic reversibility the same 
trapping product was obtained when the normal cycloaddition 
product of the reaction was kept in alcoholic solution 
for a long time. 
A similar experiment in cycloadditions of tetraalkoxy­
ethenes has the disadvantage that these electron-rich olefins 
themselves react rather fast with electrophilic solvents· 
Addition of even a thousandfold excess of water to mixtures 
of a tetraalkoxyethene and a 1,1-dicyanoethene at room 
temperature led always to the formation of a cycloaddition 
- product (4); an c(-ketoester acetal (5) could never be 
detected in the reaction mixture (Scheme 3). 
Η / Ν 
(1) ^ C = C \ 
fT CN 
R O O R 
(2) , > = < , 
RO OR 
i н2о 
H— С (OR1)— С О OR1 
(6) 
(3) 
R'O-
4 
OR' 
н2о 
ÇN 
Θ 
CN 
,OR' 
Λ·® 1 
OR 
H CN 
RV 
-CN 
-OR 
ÓR1 OR' 
н2о 
H— С ( С Ν >„— С H R — С ( O R1)—С OOR1 2 2 
(5) 
Scheme 3 
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Generally, the tetraalkoxycyclobutanes (4) could be readily 
crystallized from alcohol without perceptible decomposition. 
Upon heating the products (4) under reflux in a 1:1 mixture 
of water and dioxan for 24 hrs the cyclobutane ring could 
be decomposed quantitatively to give (1) and (5) in variable 
1 2 
amounts depending on the nature of R and R (Table 1). 
Table 1 Composition of the reaction mixture after heating 
of (4) under reflux for 24 hours in dioxan/water 
(1:1), determined by NMR spectroscopy. 
R1 
сн3 
CH-
сн3 
CH, 
сн3 
CH, 
C2 H5 
с 2н 5 
с 2н 5 
C2 H5 
C2 H5 
с 2н 5 
R1 
p-N02-C6H4-
p-Cl-CgH^-
C6 H5-
P-CH 3-C 6H 4-
p-CH-O-CgH,-
с4н3о-
p-N02-C6H4-
P-CI-C 6H 4-
C6 H5~ 
p-CH3-C6H4-
P-CH 3O-C 6H 4-
с4н3о-
% (1) 
0 
0 
0 
15 
20 
14 
0 
40 
54 
67 
71 
50 
% (5) 
100 
100 
100 
85 
80 
86 
100 
60 
46 
33 
29 
50 
The percentage of (l)(and (6), as expected)increases as 
2 1 
R has stronger electron-donating properties, or when R 
is changed from CH, to C^ H,.. Quite different from the for­
ward reaction, considerable amounts of (5) were obtained 
from compounds (4). Probably (5) does not arise from a 
dipolar intermediate, which should be common to the forward 
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and reverse reactions, but from the product (4) itself. 
Strong acid catalysis of the decomposition of (4), leading 
to quantitative conversion into (5) without formation of 
(1), supports this hypothesis. 
2 
The influence of R on the product ratio during the 
decomposition of (4) in aqueous solution may then be ascribed 
to the higher stability of electron-poor ethenes (1) contain-
ing some electron-donating group such as p-CH,0-CgH, or 
p-CH,-CgH^.· This increase^ stability, due to dipolar contri-
butions like S-C6H^-CH-C(CN)2 (push-pull effect29), shifts 
the equilibrium between (1) + (2) and (4) more to the left. 
By that the relative amount of (5) during hydrolytlc cleavage 
of (4) is reduced, since (2) is also hydrolysed by the solvent. 
The increase of the relative amounts of (1) during decompo-
sition of (4) when R is changed from CH_ into CpH,- can 
be explained by a further shift in the equilibrium (1) + 
(2) ^  (4) as a consequence of the faster hydrolysis of tetra-
ethoxyethene in comparison with tetramethoxyethene. 
Other attempts to intercept a dipolar intermediate during 
A 
thermal decompositions of (4) (R = CH,) either with ace-
tylene dicarboxylic acid diethylester or with phenyliso-
cyanate were unsuccessful. In the latter case a 3,3,4,4-tetra-
25 
methoxyazetidine was obtained, which must have been formed 
from the trapping reagent (used in excess) and (2). 
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II Effer-t of substituents in the aryl group of 1.1-dicyano-
2-arylethenes on the rate of cycloadditions with tetra-
alkojcyethanea 
Substituent effects on the rate of cycloaddition with 
tetraalkoxyethenes, already qualitatively discussed in a 
1 
preceding chapter , have been quantitatively studied by 
means of reactions between tetramethoxyethene and 1,1-di-
cyano-2-arylethenes. To this end the reactions were followed 
by NMR at 30 in dry acetonitrile as the solvent with equal 
concentrations of the reaction components. In that case 
the integrated rate equation is given by 1/c - 1/c„ = kt. 
As a consequence of side-reactions linearity between the 
reciprocal of the concentration of the starting compounds 
and time was only found during the initial phase of the 
reaction (60% conversion). The second order rate constants 
(k™
 C N ) given in Table 2 were calculated from these 
linear plots. 
Table 2 Second order rate constants of the cycloadditions 
between tetramethoxyethene and 1,1-dicyanoethenes 
Б-(П>-СН = C(CN)2 in acetonitrile at 30°. 
S 
ρ - N 0 2 
m - C l 
ρ - C l 
Η 
ρ - сн3 
kcíf3CN (Mol"11 min"1) 
18,0 χ Ю - 2 
6,9 χ Ю - 2 
3,5 х 1 0 " 2 
2,3 Χ 1 0 " 2 
1 ,1 χ 1 0 - 2 
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log к 
-0.5 
-1.0 
-1.5 
-2.0 
-2.5 
-0 
m-CI ·Ρ£' 
« ^ / • ' p - C I 
y er . • 
a> : 
ι ι . ι ι ι ι . 1 
P-HOp^T 
Τ = 30° 
о = er 
· = e-* 
. f = 1.1 
; f = 1.2 
1 1 
* 
8 
1 «rVo" 
0.5 0.9 
Figure 1 Hammett plot for the cycloadditions of tetra-
methoxyethene with 1 ,1-dicyanoeth.enes 
S — ^ - C K = C ( C N ) 2 at 30°. 
In Figure 1, log к values for the reactions investigated 
have been plotted against o* as well as с values of the 
31 
substituents . Both groups of points have been used for 
the determination of a p value for the reaction, using the 
method of least-squares; with & values, the reaction constant 
is 1,28 (correlation coefficient r= 0,987) and with β*+ values, 
f is 1,10 (correlation coefficient г = 0,999). The results 
show that a better linear correlation between log к values 
and substituent constants is found when or values are used, 
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and that a larger substituent influence is observed than 
should be expected if the transition state corresponds to 
a dipolar intermediate ( (3) in Scheme 3). In that case 
the substituent would be separated by a saturated carbon 
atom from the negative centre; the merely inductive substi-
tuent influence would be accounted for by & values and 
would certainly be lower than unity. 
The results suggest that the transition state of the 
cycloadditions looks like a highly polar structure in which 
the centre of negative charge is in conjugation with the 
aryl residue of the parent dicyanoethene. These characteris-
tics are present in the charge-transfer complex, formed 
from the starting compounds, which is generally recognized 
as an intermediate on the reaction pathway of cycloadditions 
between electron-rich and electron-poor olefins. This is 
not the case for a dipolar intermediate (3). 
Ill Comparison of the reactivity of tetraalkoxyethenes 
towards 1,1-dicyanoethenes with that of other ketene-
acetals 
In another attempt to get more insight into the nature 
of the transition state in cycloadditions with tetraalkoxy-
ethenes we investigated the influence of variations in the 
electron-donating component on the reaction rate. For that 
2 3 purpose we studied cycloadditions with keteneacetals, R R C= 
1 2 3 
C(OR ) 0 in which R and R^ were varied. Compounds in which 2 3 R or R-' is a hydrogen atom were excluded since it is known 
that these compounds deliver either open-chain "Stork adducts 
or 2:1 adducts^ on reaction with electron-poor olefins. 
We used the highly reactive 1,1-dicyano-2-(p-nitro-
phenyl)-ethene, p-NOp-CgH,-CH = C(CN)-, as the electrophilic 
partner, since it reacts smoothly at room temperature with 
most keteneacetals investigated to give a cyclobutane deri-
vative. Reaction rates were again determined by following 
.,32 
116 
the reactions with NMR in acetonitrile as the solvent at 
30° (Table 3). In all cases R 2 = R3. 
Table 3 Second order rate constants for the cycloadditions 
o^ keteneacetals (R )JZ = C(0R К and 
-N02-C6H^-CH C(CN) 2 in acetonitrile at 30°. 
R1 
CH, 
с 2н 5 
сн 3 
сн 3 
с 2н 5 
R2 
OCH, 
ос 2н 5 
CI 
сн, 
3 
CH, 
k
c2°CN (Mol"11 min"1) 
18,0 χ 10"2 
75,0 χ 10"2 
very slow 
7,0 χ Ю - 2 
48,0 χ Ю - 2 
* could not be measured due to complicated NMR spectrum; 
extrapolated from Hammett plot for log к versus &. 
The reaction with Cl-C = С (0CH,)_ was too slow, that with 
^0-CH 2 * ¿ 
(CH-j.)0C » Cv [ too fast to be measured accurately under 
'3'24 4 0-CH, 
these conditions. Including the qualitative data for these 
reactions the following orders of reactivity can be given 
a. with R constant (either CH, of C-H-): 
2 "^  the rate constant decreases in the order R (=RJ) = 
OR ) CH3)) CI. 
b. with R2(= R3) constant (CH3): 
the rate constant decreases in the order: 
R2 C = % X > R2 C = С(° С 2
Н
5>2>
 R 2 C = C (°CH3>2 
The result in the first mentioned series again can 
not be well reconciled with a transition state comparable 
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to a dipolar intermediate (3). In that case the influence 
2 3 
of the substituents R and R should be due to their induc­
tive effect and the reaction rates should decrease in the 
order CH, )) OR ) CI. The order found suggests that R2 
and R are in conjugation with the positive centre in the 
transition state. It is true that the rate of the cyclo­
addition is also rather sensitive to the steric effects 
of the substituents in the parent compounds. Since the sizes 
of the substituents used (CH,, Cl, OCH,) are rather equal, 
the differences found in the reaction rates cannot be 
ascribed to steric factors. 
Due to polymerisation our data in cycloadditions of 
1,1-dialkoxy-2,2-dimethylethenes with varying acetal 
functions do not contribute very much to the insight into 
the structure of the transition state. The high reactivity 
of the cyclic keteneacetal has already been observed by 
McElvain-^ in the reaction with benzyl bromide. It may be 
explained by conformational arguments. Cyclopentane deri­
vatives generally react fast in reactions in which the rate 
determining step is accompanied by a change in hybridisation 
3 2 ^6 
from sp to sp at one of the ring atoms . This is ascribed 
to release of torsional strain in the cyclopentane ring. 
In cycloadditions with 2-alkylidene dioxolanes both oxygen 
2 
atoms get more sp character. This will probably cause the 
observed high reaction rate. 
The difference between the reactivities of 1,1-di-
methoxy and 1,1-diethoxy-2,2-dimethylethene agrees with 
the development of a positive centre in the acetal function 
during the cycloaddition. This is better stabilised by 
ethoxy than by methoxy groups. Further insight into the 
I °
ч
 /° I could not be investigated as a good 
x
o — ' _/ N_ preparation of this compound is not 
available3 . 
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size and exact localisation of the charge cannot be obtained 
from this observation, however. 
Discussion 
From the results of the three methods of investigation 
it may be concluded that in cycloadditions of tetraalkoxy-
ethenes transfer of charge between the тг-systems of the 
olefinic components is much more important for reaching 
the transition state than initial formation of a o'-bond 
between the reaction partners. 
This does not exclude a dipolar intermediate, well 
established in the cycloadditions of enolethers, but the 
transition state should be more like a тг-complex than like 
the dipolar intermediate. For that reason we think that in 
a description of cycloadditions with strongly electron-
donating olefins, such as tetraalkoxyethenes, via a zwit-
terionic intermediate, a тг-complex (7) should be expllcitely 
mentioned as the initially formed intermediate (Scheme k a). 
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A possible energy diagram for this process is given in 
Figure 2 (pathway a). 
intermediate 
reaction coordinate 
Figure 2 
for a and b see Scheme 4. 
However, trapping experiments do not confirm the occurrence 
of a dipolar intermediate. Therefore, an alternative path­
way has to be considered, in which the product arises from 
the TT-complex after progressive transfer of charge in a 
more or less concerted manner (dotted line, Figure 2). The 
transition state is then comparable with an intimate pair 
of radical ions (θ in Scheme 4 b) in which the cation is 
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considerably stabilized by resonance, as can be illustrated 
by the following mesomeric structures. 
R O e/GR1 R1Q . .OR1 R10 'OR1 
, > С , «e—» > CT , < — > , > = С
Ч
 , <—-> etc 
RCT NOR RO 4OR RCT NOfl' 
It is not certain from the obtained results that the same 
mechanism is operative in cycloadditions of keteneacetals 
although their reactivity decreases with decreasing electron-
donor strength, ( (R0)2C = С (0R)2 ) R2C = C(0R)2 ) C12C=C(0R)2) 
in the same way as for the tetraalkoxyethenes. 
In reactions between tetra [sec. aminoj ethenes and 
cyanoethenes the donor strength of the nucleophilic compo­
nent is so large that only charge-transfer complexes, not 
cycloaddition, products are obtained. 
On the other hand, in cycloadditions with the weaker 
electron-donating enolethers a transition state like a 
radical ion pair should be much less stabilized. In that 
case the reaction proceeds via a zwitterionic intermediate. 
For these compounds reactivity did not vary according to 
variations in donor strength but rather in the order 
CH,CH = CH(OR) ) H,C = CH(OEt) ) ROCH = CHOEt as was found 
-> 20 
by Huisgen 
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EXPERIMENTAL 
I Determination of the product ratio (1):(5) in the 
reaction mixture obtained after hydrolysis of (4) 
A solution of a cyclobutane (4) (3 mmol) in a mixture of 
dioxan (35 ml) and distilled water (35 ml) was heated under 
reflux for 24 hrs. The solvent was then evaporated in vacuo. 
The composition of the resulting oil was determined by NMR 
spectroscopy. This was effected by integration of the 
signals of the low field (aromatic and olefinic) protons 
Q С 
in the dicyanoethene ' and the aromatic protons in the 
ot-ketoester acetal. In illustration a typical NMR spectrum 
of a mixture (R CH, 
с a 
p-OCH,-CgH.-) is represented. 
CK 
01, 
>сн3. 
I 
н
з
с O - ^ - C H = C ( С NI 9 ι Ι ι
 3
 ' 
+ H —С—С —С—COOCH 
(1) 
CN H 
h 
OCH, h+i 
i 
(5) 
и 
TMS 
S (in ppm ) 
(1) proton Chemical shift (¿ in ppm): 
a 7.90 b 7.62 с 6.98 d 
(5) proton chemical shift ( ¿ in ppm) 
e 7.26 f 6.Θ5 g 4.63 h+i 
3.90 
3.76 j 3.46 
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The pure acetáis of «-ketoesters (5)» necessary as reference 
compounds, were prepared by acid catalysed hydrolysis of (4) . 
The reaction product of (2) and water, the volatile ester 
(6), cannot be determined by this procedure. 
II Measuring procedure, used in the determination of reaction 
rates of cycloadditions between tetraalkoxyethenes (2) 
and various 1.1-dicvanoethenes (1) (Table 2) 
1 Ml of a 0.5 molar solution of a tetraalkoxyethene 
in dry acetonitrile was added to 4 ml of a 0.125 molar 
solution of a 1,1-dicyanoethene in the same solvent at 30 
C. The conversion into the cyclobutane (4) was measured 
by integration of the signals of the low field (aromatic 
and olefinic) protons in the dicyanoethene and 
the aromatic protons in the cyclobutane derivative 
(¿= 8,4 - 6,8) at chosen time intervals. In the figure 
the low field part of the NMR spectrum is given for the 
case R1 = CH,, R2 = p-Cl-CgH^-. 
CI-<Q>-CH=CCCN: 
(1) 
i 
d e 
CI 
н3со-
ÇN 
-CN 
-осн3 
ÔCH3ÔCH3 
(4) 
In practice integration of (a + b) and (d + с + e) was used 
to calculate the relative amounts of (1) and (4) in a given 
reaction mixture. 
Plotting I - 1 (CL. = 0.1 Mol/1) against the time (t) gives 
0 ° 30° 
a straight line; its slope is equal to k£„ „
Ν
, which is 
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-1 -1 
expressed in Mol .l.min in Table 2. 
With this NMR procedure the к values are obtained with an 
overall error of 10%. 
40 According to the method of least-squares a linear relation 
(Hammett-plot)between the log к values and с values of 
relevant substituents should be described by the algebraic 
expression у = -1.709 + 1.275 x (correlation coefficient 
= 0.987). The f-value should thus be 1.28.A similar 
Hammettplot with с values satisfies the expression 
у = -1.065 + 1.095 x (correlation coefficient г = 0.999) 
yielding f = 1.10. 
Ill Measuring procedure, used in the determination of 
reaction rates of the cvcloaddltions between ketene-
acetals ( R K C = С (OR К a n d 1.1-dicyano-2-(p-nitro-
phenvl)ethene Ο,,Ν -(H)- CH = C(CN)2 (Table 3) 
1 Ml of a 0.5 molar solution of a keteneacetal in 
dry acetonitrile was added to ч ml of a 0.125 molar solution 
of 1,1-dicyano-2-(p-nitrophenyl)ethene in the same solvent 
at 30 C. The same procedure as described in (II) was used; 
with ClpC = C(0CH,)- no reaction was observed under the 
given reaction conditions; the reaction rate of 
(H,C)2C = CCJTJwas too fast to obtain an accurate value 
of к by this measuring procedure. 
However, after the reaction had proceeded for some 
time, the concentration of the dicyanoethene increased again. 
This was caused by withdrawal of keteneacetal from the 
equilibrium as a consequence of polymerisation. 
For that reason the measurements were only followed to about 
309Ä conversion. 
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SAMENVATTING 
Dit proefschrift handelt over thermische cycloaddities van 
1 1 
tetraalkoxyethenen (R 0)pC = С (OR ), met elektronen-arme 
onverzadigde systemen zoals cyanoethenen, «, ß -onverzadig-
de karbonylverbindingen, cyanobutadienen en e<-ketonitril-
len. Naast bovengenoemde cycloaddities is ook de chemie 
van de verkregen addukten bestudeerd met het oog op hun 
bruikbaarheid in verdere synthesen. 
1 2 
Tetraalkoxyethenen vormen samen met de enamines , tetra-
Ъ 4 5 
aminoethenen , keteenacetalen en enolethers de klasse 
van de elektronen-rijke ethenen. Hieronder verstaat men 
ethenen waarin de ττ-elektronen-dichtheid verhoogd is door 
de aanwezigheid van een of meer elektronen-stuwende substi­
tuenten aan de olefinische binding. Bij tetraalkoxyethenen 
kan deze verhoging van de elektronen-dichtheid voorgesteld 
worden met behulp van onderstaande resonantie strukturen: 
1 - ι Θ ι ι Θ ι 
RO .OR R 0 4 OR RO Λ Α 
> = < <—=> . ^ c — c ; . < — > ;c c( <-
rfo 4 O R ' R O X QXOR R O / O NOR 
Door hun verhoogde elektronen-dichtheid bezi t ten deze л'ег-
bindingen sterk nucleofiele eigenschappen. Dit komt t o t 
u i t i n g in een grote r e a k t i v i t e i t tegenover e lek t ro f ie le 
-> etc. 
reagentia zoals zuren, alkoholen e.d. en ook tegenover elek-
"Ί 5 6 
tronen-arme ethenen-"-'»
 t die als tegenhanger«van de elek­tronen-rijke ethenen Juist elektronen-zuigende substituenten 
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aan de olefinisehe binding dragen. 
Onder de elektronen-rijke ethenen nemen de tetraal-
koxyethenen qua reaktiviteit een middenpositie in tussen 
enerzijds de zeer reaktieve tetra Γsec. aminoJ ethenen 
en anderzijds de zwak elektronen-rijke enolethers. 
In het geval van het symmetrisch gesubstitueerde tetrakis 
[dimethylaminoJ etheen is de nucleofiliciteit zo groot dat 
zijn gedrag tegenover het elektronen-arme tetracyanoetheen 
lijkt op dat van een redox-systeem. Samenvoegen van de kom-
1 Ъ ponenten geeft namelijk een 1:2 addukt ' y waaraan de iono-
gene struktuur (1) is toegekend. 
NC CN 
NC CN 
MeN y. N M e 2 
®¿C С θ " (1) 
Mé2N/ VN Me 
NC. ,CN 
^ л · « ' 
/ C C \ 
NC' Θ NCN 
Analoge resultaten werden in ons laboratorium verkregen 
indien tetrapiperidino- of tetramorfolinoetheen met een 
7 1,1-dicyanoetheen werd ingezet. 
Behalve via een fotochemische \2 + 2J cycloadditie, 
die bij allerlei ethenen toegestaan en mogelijk is, kunnen 
elektronen-rijke en elektronen-arme ethenen ook langs ther­
mische weg reageren tot cyclobutanen. 
Laatstgenoemde reaktie is door Huisgen en medewerkers uit­
voerig bestudeerd aan cycloadditles tussen enolethers en 
ρ 
tetracyanoethyleen. De gevonden oplosmiddeleffekten , akti-
9-11 12 
veringsparameters , en substituent invloeden , en de 
13 
grote mate van stereospecificiteit in deze reakties, wer­
den verklaard door de aanname van een 2 staps mechanisme 
via een dipolair intermediair. 
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Afhankelijk van de samenstelling van de reagerende 
komponenten en van de reaktie-omstandigheden kunnen bij 
deze reakties naast cyclobutanen ook andere produkten ge-
vormd worden. De aard van deze neven produkten ondersteunt 
evenzeer het voorkomen van een dipolair intermediair, zo-
als is weergegeven in Schema 1. 
<<0 (5) (6) (7) (8) (9) 
D = elektronen-stuwende substituent bijv. OR, NR„ 
A = elektronen-zuigende substituent bijv. CN, COOR. 
Schema 1 
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Terwijl de verbindingen (4) tot en met (θ) gezien kunnen 
14—17 
worden als afvang-produkten ~ van bet intermediair (2) 
kan het ontstaan van produkt (9), ook wel Stork produkt 
1 fï 
genoemd , verklaard worden door een Η-shift in het inter­
mediair. Deze laatste reaktie komt bij cycloaddities met de 
tetra-gesubstitueerde tetraalkoxyethenen uiteraard niet 
voor. 
Tot voor kort kon de chemie van de tetraalkoxyethenen alleen 
bestudeerd worden met tetramethoxyetheen omdat alleen voor 
deze vertegenwoordiger van dit type verbindingen bruikbare 
synthesen bekend waren. In reakties met allerlei elektro-
fielen, inclusief elektronen-arme ethenen, vonden Hoffmann 
en medewerkers voor deze verbinding een gevarieerde reakti-
118 Γ ~Ί 
viteit ' . De [2 + 2j cycloaddukten van tetraalkoxyethe­
nen zijn vooral interessant omdat ze twee potentiële kar-
bonyl funkties in een vierring bevatten, welke gemaskeerd 
zijn in de vorm van ketaal groepen: 
RO- -OR 
ÒR OR 
De vormingswijzen, welke voor tetraalkoxyethenen zijn be-
schreven, bleken niet geschikt voor de bereiding van deze 
verbindingen in grote hoeveelheden en bovendien niet toe-
1Q-22 pasbaar voor alle tetraalkoxyethenen ^ . 
Op het laboratorium voor Organische Chemie in Nijme-
gen is echter een gemakkelijke en meer algemene synthese 
voor tetraalkoxyethenen -3 ontwikkeld (Schema 2), die ons 
in staat stelde cycloaddities van tetraalkoxyethenen uit-
voeriger te onderzoeken. 
OR 
2H—С—0-@-CI + 2NaH *· (RO),,C=C (OR )? + 2 NaO^©-CI + 2H2 
OR 
Schema 2 
131 
De onderzochte cycloaddities alsmede de chemie van de ver­
kregen addukten zijn samengevat op de uitklapbare pagina 
aan het eind van dit proefschrift (Schema 3). 
In de cycloaddities met enkelvoudige elektronen-arme ethe-
nen bleek dat alleen die ethenen voldoende reaktiviteit 
vertoonden, die naast een cyanofunktie nog een tweede elek­
tronen-zuigende substituent bezaten. 
De invloed van het substitutie patroon van de elektrofiele 
reaktie komponent op deze cyclobutaansynthese is bestudeerd 
(reaktie 1) (Hoofdstuk II). 
Met «-acyl- o* -cyanoethenen trad geen \2 + 2І maar 
een І4 + 2 I cycloadditie op (zie reaktie Θ). 
Om de bruikbaarheid van de gevonden, eenvoudige cyclo­
butaansynthese te vergroten werd onderzocht hoe de substi-
tuenten, die noodzakelijk zijn bij de cyclobutaanvorming, 
daarna gemodificeerd en/of verwijderd konden worden. 
Behandeling met een sterke base (K 0 t.bu) gaf elimi­
natie van HCN (reaktie 2), resulterend in tetraalkoxycyano-
cyclobutenen die via valentie-isomerisatie in tetraalkoxy-
.cyanobutadienen (reaktie 3) konden worden omgezet (Hoofdstuk 
III). Bovendien bleken de gevormde tetraalkoxycyanocyclo-
butenen geschikte precursors voor de synthese van de tot 
nu toe onbekende cyanocyclobuteen-1,2-dionen; de ketaalfunk-
ties konden met behulp van gekoncentreerd H-SO. worden ge-
hydrolyseerd (reaktie 4) (Hoofdstuk IV). 
Zure hydrolyse van 'dè tetraalkoxycyanocyclobutanen zelf le-
verde daarentegen altijd acyclische ketalen van «-ketoes-
ters op ongeacht de aard van de aanwezige substituenten 
(reaktie 5) (Hoofdstuk V). De hydrolyse van de ketaalfunktie 
in deze verbindingen zou perspektieven kunnen bieden voor 
de synthese van ч-aminozuren, al moet worden vastgesteld 
dat dergelijke ketaalfunkties zeer moeilijk hydrolyseerbaar 
zijn. 
Als een alternatieve benadering om tot een vereenvou­
diging van het substitutie patroon in de cycloaddukten te 
komen werd het hydrolyse gedrag van cyclobutanen met een 
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ester funktie als de tweede elektronen-zuigende groep on­
derzocht (Hoofdstuk VI). Bij refluxen met NaOH in verdun­
de methanol trad hydrolyse van de ester groep op, gevolgd 
door dekarboxylering (reaktie 6). In het verkregen produkt 
kon de mogelijkheid tot omzetting van de overgebleven ni­
trii groep in een zuur funktie aangetoond worden (reaktie 7). 
Uit 5,5,6,6-tetraalkoxy-3-cyano-5,6-dihydro-4H-pyranen, 
bereid door \h + 2j cycloaddities van «-acyl-* -cyano-
ethenen met tetraalkoxyethenen (reaktie 8), konden verschil­
lende typen van andere produkten verkregen worden, afhanke­
lijk van de reaktie omstandigheden (Hoofdstuk VII). Refluxen 
in een mengsel van dioxaan en water met HCl als katalysa­
tor leverde hetzij ketalen van « -ketoesters, hetzij 3-hy-
droxypyronen op (reaktie 9). 
Zure hydrolyse met gekoncentreerd H2SO, gaf, afhankelijk 
van de temperatuur, dihydro-pyronen (reaktie 10) of e<-py-
ronen (reaktie 11). Laatstgenoemde verbindingen waren ook 
toegankelijk door behandeling van de dihydropyranen met 
NaOCH, (reaktie 12), gevolgd door hydrolyse met gekoncen­
treerd H_S0, (reaktie 13). 
24 In verband met het voorkomen van o<-pyronen in de natuur 
en hun interessante toepassingen in de synthetische organi-
25 
sehe chemie kunnen deze reakties wellicht van preparatief 
belang zijn. 
In reakties met tetraalkoxyethenen bleken 1-cyanobuta-
dienen een grote gelijkenis te vertonen met enkelvoudige 
cyanoethenen. Niet de thermodynamisch stabielere Г4 + 2j 
cycloaddukten, maar vinylcyclobutanen, produkten van een 
Г2 + 2J cycloadditie werden geïsoleerd (reaktie 14) (Hoofd-
stuk VIII). De tetraalkoxycyanovinylcyclobutanen vertonen 
een reaktiviteit die geheel analoog is aan die van de eerder 
beschreven tetraalkoxycyanocyclobutanen (reakties 15, 16 
en 17 vergelijk reakties 2, 4 en 5). 
Tenslotte is gevonden dat ook karbonylverbindingen 
met elektronen-zuigende e(-substituenten thermische 
[2 + 2J cycloaddities geven met tetraalkoxyethenen. Met 
л-ketonitrillen konden op deze wijze oxetanen geïsoleerd 
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worden, die tot nu toe uit de zelfde uitgangsstoffen langs 
fotochemische weg (Buchi - Paterno reaktie ) bereid wer-
den (reaktie 18). De verkregen tetraalkoxycyanooxetanen 
zijn interessante vertegenwoordigers van de nog maar weinig 
onderzochte, gespannen, cyclische orthoesters. Een aspekt 
van hun reaktiviteit is geïllustreerd aan de hand van de 
zure hydrolyse in ijsazijn tot cyanohydrin verbindingen 
(reaktie 19) die met NaOH in de korresponderende karbonyl 
derivaten omgezet kunnen worden (reaktie 20). 
Aan het slot van het proefschrift is in Hoofdstuk X 
een oriënterend onderzoek gewijd aan het mechanisme van 
de cycloadditie tussen tetraalkoxyethenen en 1,1-dicyano-
ethenen. De resultaten hiervan zijn moeilijk in overeenstem-
ming te brengen met de vorming van een dipolair intermediair 
in de snelheidsbepalende stap. Het bleek onmogelijk een 
dergelijke 1.4 dipool af te vangen tijdens de reaktie. Boven-
dien wezen de invloed van substituenten in de elektrofie-
le komponent op de reaktiesnelheid en een vergelijking van 
de reaktiviteit van tetraalkoxyethenen met die van andere 
tetragesubstitueerde keteenacetalen op een transition state, 
die meer lijkt op een ladingsoverdracht komplex dan op een 
Zwitterion. De vraag of een dipolair intermediair op de 
reaktieweg ligt kan met onze resultaten niet beslissend 
beantwoord worden. 
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STELLINGEN 
I 
De door Graefe et al voorgestelde omzetting van (dial-
kylamino) dichloormethaan met dialkylamines in ortho-
amides is op grond van de grote stabiliteit van de 
intermediaire formamidinium zouten zeer onwaarschijnlijk. 
J. Graefe, I. Fröhlich, M. Mtlhlstadt, Ζ. Chem., 14.,434 (1974). 
II 
De vorming van acylketeenacetalen bij de reaktie van 
keteenacetalen met acylhalogeniden kan beter geïnterpre-
teerd worden via een primaire oxetaanvorming in plaats 
van de gegeven o(,c(-dialkoxy alkylhalogeniden. 
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